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RELATION OF SOIL NITROGEN, NITRIFICATION AND 
AMMONIFICATION TO POT EXPERIMENTS 
It has been shown in a previous bulletin of this Experiment Station 
(No. 151 of 1912) that the nitrogen withdrawn from the soil by crops 
in pot experiments increases, on an average, with the total nitrogen of 
the soil. Yet i t  is well known, as pointed out in Bulletin 151, that the 
quantity of nitrogen taken from the soil by crops depends, to a con- 
siderable extent, upon other factors than the total nitrogen of the soil. 
The object of this bulletin is to study these relations, especially the 
relation between nitrate formation, or nitrification, and the nitrogen 
removed by. crops in pot experiments. 
In Bulletin 151, referred to above, 332 pot experiments were con- 
sidered. I t  was found that there was a relation between the number 
of crops found deficient in  nitrogen in pot experiments and the total 
nitrogen of the soil. The weight of the crops grown without nitrogen 
added to the soil increased with the nitrogen content of the soil up to the 
groups .06--18 per cent., when it remained nearly the same; but the 
percentage of 'nitrogen in the crops increased, so that the quantity of 
nitrogen withdrawn by the crops increased with the percentage of nitro- 
gen in the soils. The importance of estimating the nitrogen in the 
crops in such work was brought out, since the dry weight of the crop, 
considered without knowledge of its composition, mas misleading. 
The percentage of total-nitrogen in the soil was thus an average in- 
clication as to the fertility of the soil with respect to nitrogen. When 
a sufficient number of soils were tested, the average amount of nitrogen 
withdrawn by crops was in proport.ion to the total nitrogen of the soil. 
This relation may not appear when only a few soils are studied; so the 
study of a large number of soils, as in Bulletin 151, was necessary. 
While the above is true on an average, yet there are soils which de- 
viate decidedly from the average, either above or below, and i t  is cle- 
~irable to ascertain, if possible, the causes of such deviations in the pot 
experiments, and devise methods for following them and anticip?tTng 
them, if possible. After the soils have been arranged in  groups accord- 
ing to total nitrogen content, other characteristics may be studied, such 
as relation of surface to subsoil, acidity, ancl length of time the soil has 
been' in cultivation. 
While plants can take up organic nitrogenous compounds (Praps, 
Principles of Agricultural Chemistry, pages 161, 219) as well as nitrates 
and ammonia, i t  is probable that cultivatecl plants absorb most of their 
nitrogen in the form of ammonia or nitrates, and the importance of 
the study of the quantity and formation of nitrates and ammonia is 
generally recognized. Extensive studies of nitrification and ammonifi- 
cation are being made from a variety of points of view by a number of 
workers. The object of our work is to stucly the relation between nitri- 
fication and ammonification ancl the nitrogen removed from the soil by 
crops in pot experiments, with a view to a method for further separation 
of soils with similar total nitrogen content but different nitrogen re- 
sponse to crops. 
I n  Bulletin 259 we showed that the average quantity of nitrates pro- 
duced by the method there described increased with the total nitrogen 
of the soil, and, on an average, fairly constant percentages of nitrogen 
were converted into nitrates during the first twelve weeks. But there 
were wide variations in  the individual soils; some did not nitrify at 
all, while the nitrification of others was much higher than the average. 
The addition of carbonate of lime to soils which failed to nitrify caused 
nitrification to take place. The nitrification of the organic matter of 
various soils was found to vary from 3.5 to 37 per cent. and the nitrify- 
ing capacity from 2 to 232. Soils with unusually low nitrification mere 
mostly subsoils, and those with unusually high nitrification were also 
mostly subsoils. These and some other details presented in Bulletin 
259 will be further considered in  connection with the results presented 
in this bulletin. 
METHOD O F  WORK. 
The method used for the pot experiments is described in Bulletins 
127 and 145. I n  this work, pots of 5000 gms. soil were used, and ad- 
ditions of dicalcium phosphate for phosphoric acid and sulphate of 
potash for potash were made to the soils to be tested for nitrogen de- 
ficiency. Pots to which phosphoric acid, potash, and nitrogen as nitrate 
of ammonia were added, were used for comparison. No allowance mas 
made for nitrogen in the seed, which would amount for corn to approxi- 
mately .Of225 gm. or 4.5 parts per million of the soil, and for sorghum 
.0150 gm. or 3 parts per million. The roots always were left in the pots. 
Nitrates were determined in 500-gm. portions of the soils placed in 
percolators, and percolated a t  the beginning of the experiment and every 
four weeks thereafter, usually for twelve weeks, as described in Bulletin 
259. The method for ammonia will be described on a later page. 
Table 1. Relation of average of four crops to nitrogen of soil. 
Group 4, Series 13,O-. 020 per cent I 
.................... - nitrogen.. 
Group 2 Series 9 14 15 26 31, .021- 
.b40 per chnt ;lit,rbgeh. ........ 
Group 3 Series 8 12 16 22 25 32 45 
.b41-.060'pe; ceAt n'itrdgen'. . .'. 
Group 4, Series 18, 33, .061-. 080 per 
Per 
cent 
nitrogen 
in o i l  
................ cent nitrogen. 
Group 5 Series 3,34,21, .081-. 100 per 
cent nitrogen. ................ 
Group 6, Series 6, 20, .101-120 per 
................ cent nitrogen. 
Group 7, Serjes 7, 19, .121-.I40 per 
............... cent n~trogen.  
Group 8, Series 35, .141-. 160 per cent 
n~trogen ...................... 
Group 9, Series 5, over .I60 per cent 
..................... nitrogen. 
Nitrogen 
per crop 
gm. 
Average weight 
gm. per crop 
KPN I k? 
Nitrogen 
per cent 
in crops 
No. of 
soils 
Nitrogen 
per 
million 
per crop 
Corn 
possibil- 
ity of 
nitrogen 
per crop 
RELATION OF THE CROPS TO THE TOTAL NITROGEN OF THE SOIL. 
Table 1 gives the average results of four crops on each soil, the. soils 
being arranged according to their nitrogen content. The difference 
between the groups is .O2 per cent. soil nitrogen. The first group 
cont~ins soils with 0 to .02 per cent. soil nitrogen but only four soils are 
found in this group. The second group, containing .021 to .04 per 
cent. nitrogen, contains 55 soils. The number of soils in the other 
groups may be seen in the last column of this table. 
The average crops with the complete fertilizer, ICPN, are less for 
the soils containing less than .08 per cent. nitrogen (Groups 1 to 4) 
than they are for the soils containing more than this amount of nitro- 
gen. The soils containing more than .08 per cent. nitrogen seem to 
he, on an average, better adapted to the production of larger crops, 
even though all receive a complete fertilizer. 
The average weight of the crops which receive phosphoric acid and 
potash, but no nitrogen, increases with the percentage of nitrogen in 
the soils, with the exception of Group 7, containing .12-.I4 per cent. 
nitrogen, and including 12 soils. The difference between Group 3, 
containing .041-.060 per cent. nitrogen and Group 4 (.061-.08) is not 
I great. 
The average per cent. of nitrogen in  the four crops is somewhat 
rariable, although it  is highest with Group 9, containing the largest 
percentage of nitrogen in the soil. 
The average weight of nitrogen removed by the four crops increases 
rvith the percentage of nitrogen in the soil, with the exception of 
Group 7 ,  containing .121-.I40 per cent. nitrogen. The nitrogen re- 
moved per million of soil per crop increases in  the same way, as i t  is 
merely the same figures expressed in  a different way. This also refers 
to the corn possibility of the nitrogen per crop. This is the amount 
' of corn which could be grown on two million pounds of the soil, if it 
ored all of the nitrogen removed by these crops to advantage, and used 
1.5 pounds nitrogen for a bushel of corn. The corn possibility varies 
fro111 12.4 to 52.2 bushels per two million pounds of soil, which is the 
I 
 eight of an acre to the depth of about 7 inches. 
~ Table 2. Relation of average crops to nitrogen of soil, compared with previous work. 
~ r o i i  4: ~ i t r o i e n  in soil .061-.080 .I207 .0635 24.1 12.7 32 16.9 I Group 5. Nitrogen in soil ,081-. 100 .0995 0909 19.9 18.2 26 24.3 
Group 6. Nitrogen in soil .101-. 120 .OW1 . P O 5  1 G o  7. i t o e n  in s o  121-140 1 1 4 0 1  0 9  ::r 1 if 
I Grow 8. Nitrogen in soil .141-. 160 .I183 .I483 23.7 29.7 39.6 
Gm. nitrogen 
per crop 
..... . . . . .  ~ r o u i  9. Nitroeen in soil .I61 UD. . .I.. ..... . I  .19731.. . I  39.61.. .I 52.21 
G;O; 9: ~i tro ' ien in soil . I61 tb 
..... . ....... ...... ....................... 1 8 . .  .2115(. .I 42.g(.. ( 5 6 . .  ( 
Group 10. Nitrogen in soil .181-.200 .4170 . . . . . . . .  83.4 . . . . . . . . . . . . . . . . . . . . . . . .  
Group 11. Nitrogen in soil .221 up. . .  .2995 . . . .  59.9 . . . . . . . . . . . . . . . . . . . . . . . .  
Bull. This Bull. This Bull. This 
151 1 work 151 1 work 151 1 work 
-------
Parts per million 
per crop 
Nudber of 
soils 
.Corn possibility 
bushels per 
2,000,000 lbs. 
Table 2 compares the average results of this work with previc 
work published in  Bulletin 151. As could be expected, the avera 
quantities of nitrogen withdrawn per crop are not identical with thc 
published in the previous bulletin for all crops. The amount wii 
drawn by Group 1, containing .021-.040 per cent. nitrogen is mu 
less in the results published in Bulletin 151 than for the work ht 
. reported. The results of Groups 2, 3, and 5 are much closer. 
Nitrogen removed in parts per million of the soil is a different vay 
of expressing the grams nitrogen removed per crop, and the corn pos- 
sibilitlj in  bushels per two million pounds of soil. When the corn poe- 
sibilities are compared, comparatively close agreement is notecl vith 
Groups 2, 3, 5, 6, 8, and 9. It is, of course, impossible to expect ex: 
agreement. 
These results confirm the conclusions in Bulletin 151, that the am 
age size of the crop, and the nitrogen withdrawn from the soil in 1 
experiments, increases with the total nitrogen of the mil. 
RELATION OF THE DIFFERENT CROPS. 
The average results of the first crops (corn) are given in Table 3. 
If this table is compared with Table 1, it is seen that the first crop 
is much larger thaa the average crop. I n  Group 1 the weight of the 
first crop without nitrogen is nearly three times that of the -average 
crop. These differences are smaller with the succeeding groups, so 
that Group 9 is only 50 per cent. larger than the average. There are 
also wide differences in the percentage of nitrogen in  the crops. The 
average nitrogen content is smallest with the first'group anci largest 
with the last group, and increases almost regularly between the first 
and the last. This causes larger differences between the nitrogen re- 
moved by the crops, whether expressed in weight of nitrogen, or parts 
per million of soil, than between the weights of the crops. While the 
weight of the first crop in Group 9 is only 50 per cent. more than the 
average, the amount of nitrogen withdrawn by the crop is more than 
twice the average. 
Table 3. Average relation of the first crop, corn, to the soil nitrogen. 
Group 1. 
Group 2.. 
Group 3. 
Group 4. 
Group 5. 
Group 6. 
Group 7. 
Group 8. 
Group 9. 
The averages of the first crops n~ithout fertilizer do not increase as 
regularly with the soil nitrogen as the averages of four crops. This 
is the case also with the nitrogen taken up by the crop, altllougll the 
relation in this case is more regular. The average weights of the first 
Weight 
KPN 
crop gm. 
0-.020 nitrogen. ............ 
.021-. 040 nitrogen. ............ 
.041-.060 nitrogen. ............ 
.061-.080 nitrogen. ............ 
.0S1-. 100 nitrogen. ............ 
.101-. 120 nitrogen.. ........... 
.121-.I40 nitfrogen.. . . . . . . . . . . .  
.141-. 160 nitrogen. .....:...... 
Over .I60 nitrogen.. . . . . . . . . . . .  
Weight 
nitrogen 
gm. 
Weight 
KP 
crop gm. 
25.0 
36.4 
37.3 
27.9 
33.6 
37.1 
36.5 
39.3 
34.3 
Per cent 
nitrogen . 
in KP 
crop 
-.----- 
Nitrogen 
parts per 
million 
Ratio 
KPN:PK 
100 to 
19.3 
18.0 
19.8 
17.9 
25.0  
26.9 
24.3  
33.2 
33.9 
.57 
.62 
.59 
.87 
.89 
.96 
. .86 
.95 
1.32 
.I200 
0.1136 
0.1190 
0.1340 
0.2055 
0.2505 
0.1991 
0.3200 
0.4407 
24.0 
22.7 
23.8 
26.8 
41.1 
50.1 
39.9 
64.0 
88.1 
77.2 
49.5 
53.1 
64.2 
74.4 
73.5 
66.6 
81.5 
98.8 
crops without nitrogen, and the nitrogen withdrawn by the first crops, 
are not in as close relation to the average nitrogen of the soil as is the 
average of four crops. 
The ratio of the crop with the complete fertilizer to the crop with 
phosphoric acid and potash only is given in  the last column. Group 1 
is out of relation to the others. With Group 2, the .weight of the crop 
without nitrogen is 49.5 per cent. of the weight of the crop with the 
complete fertilizer. This ratio decreases almost regularly with the 
other groups until in the last group (Group 9) the crop without nitro- 
gen is 98.8 per cent. of the crop with complete fertilizer. 
Table 4. Average relation of the second crop, sorghum, to the soil nitrogen 
Group 1. 
Group 2. 
Group 3. 
Group 4. 
Group 5. 
Group 6. 
Group 7. 
Group 8. 
Group 9. 
............ 0-.020 nitrogen. 
.021-.040 nitrogen. ............ 
............ .041-.060 nitrogen. 
.061-.080 nitrogen. ............ 
............ .OM-. 100 njtrogen. 
.101-.I20 nitrogen. ............ 
.121-.I40 nitrogen. ............ 
.141-. 160 nitrogen.. ........... 
Over .l6O nitrogen.. ........... 
Per cent 
Table 4 gives the average results of the second crop, which was sor- 
glzum. The average weights with complete fertilizer in  the first five 
groups were decidedly below those of the last four. The weights of 
the crops without nitrogen are below the average of four crops The 
clifference is greatest wlth the first three groups, which are less than 
half the average of four crops. With the other groups, the differences 
are not so great. The differences between the first crop and the second 
crop are quite large. With soils containing from 0 to 0.020 per cent. 
nitrogen, the second crop is about one-seventh' of the first crop. With 
the soils containing the greatest amount of nitrogen, Group 9, the 
second crop i s  about two-thirds of the first crop. 
Similar differences are observed when the weighis of nitrogen re- 
moved, or nitrogen in parts per million are compared. These differ- 
ences are not the same, however. I n  Group 1 the nitrogen removed 
by the second crop is one-fourth of the first, while the weight of the 
crop is one-seventh. TTTith Group 9, the amount of nitrogen removed 
by the second crop is one-third of the first, but the weight of dry 
matter is two-thirds of the first crop. 
The ratios of the crops with complete fertilizer to crops with no 
nitrogen are wider for the second crops than for the first. While the 
first crop in Group 2 (.021-.040 per cent. soil nitrogen) averages 49.5 
per cent. of the crop with complete fertilizer, the second crop averages 
only 15.9 per cent. While the first crop in  Group 9, containing over 
.I6 per cent. nitrogen, is 98.8 per cent. of the crop with the complete 
fertilizer, the ratio of second crop is only 58.7. 
There is thus a decided falling off froni the first crop to the second 
crop, both in the amount of the crop and the an~ount of nitrogen taken 
from the soil. The average relations between the total nitrogen 
the soil and the nitrogen removed by the crops are closer for the seco 
crops than for the first crops. The growth of the first crop appareni 
removes the more available nitrogen and this varies in soils containing 
the same total nitrogen. After the more available nitrogen has been 
removed by the first crop, the average nitrogen removed by the second 
crop is more nearly in proportion to the total nitrogen of the soil; 
80 n - a v e r a y e  
=-I&/ crop 
- & c r o p  
m - 3 = ' r r o p  
70 --+t4cmp 
Per cent n~rroqen k so11 
Figure 1-Relation of nitrogen in soil to nitrogen removed by crops. 
This seems to be the explana.tion for the differences between these t~ 
crops. It is quite possible that drying the soil and otherwise pr 
paring it in the laboratory has rendered part of the soil nitrogen mo 
active, and enable'd it to produce a larger first crop than would ha 
been the case had the soil been placed in the pot in a damp conditic 
as i t  was taken from the field. There is evidence from other in~eci 
gations that this may be the case. 
Table 5. Average relation of the third crop, corn, to the soil nitrogen. 
Group 1. 
Group 2. 
Group 3. 
Group 4. 
Group 5. 
Group 6. 
Group 7. 
Group 8. 
Group 9. 
Arrangement 
............ 0-.020 nitrogen. 
.021-. 040 nitrogen. ............ 
.041-.060 nitrogen. . . . . . . . . . . . .  
.061-.080 nitrogen. ............ 
.081-. 100 nitrogen. . . . . . . . . . . . .  
.101-.120nitrogen ............. 
.121-.I40 nitrogen:. ........... 
.141-.I60 nitrogen. ............ 
............ Over .I60 nitrogen. 
Weight 
crop gm. 
Per cent 
Weight / 2~ 1 
KP 
Weight Nitrogen Ratic 
nltrogen parts per KF'N:F 
gm. million 100 tc 
Table 6. Average 
Group 1. 
Group 2. 
Group 3. 
Group 4. 
Group 5. 
Group 6. 
Group 7. 
Group 8. 
Group 9. 
0-,020 nitrogen. . . . . . . .  
. . . . . . .  .021-.040 nitrogen. 
. . . . . . .  .041-. 060 n~trogen. 
.061-.080 nitrogen. . . . . . . .  
.081-. 100 nitrogen. . . . . . . .  
.101-.I20 nitrogen. . . . . . . .  
.121-.I40 nitrogen. . . . . . . .  
. . . . . . .  .141-.I60 nitrogen. 
....... Over .I60 nitrogen. 
relation of the fourth crop, sorghum, to the coil nitrogen. 
Per cent 
Ratio 
KPN:PK 
100 to 
Tables 5 and 6 contain the results of the third crop of corn and the 
urth crop of sorghum. I n  the first four groups, the weights of the 
ird corn crop are larger than the weights of the second sorglium crop, 
t the plants contain smaller percentages of nitrogen, so that €he 
iount of nitrogen taken up is less for the third crop of corn than for 
e second crop of sorghum. With the last five groups, the weight of 
e corn crop averages less than the weight of the second sorghum 
op, and the amount of nitrogen removed is decidedly less for the 
ird crop of corn than for the second crop of sorghum. The differ- 
ces between the second crop and the third crop are much less than 
e differences between the first crop and the second crop. 
The weights of the fourth crop of sorghum are less than the weights 
of the second crop of sorghum, or the third crop of corn. Here again 
the differences are not as grea.t as between the first ancl second crops. 
Table 7. Comparison of four crops, (&st crop loo), grown on soils ~ o u p e d  by nitrogen content. 
I Weight of P B  crops I Nitrogen in mops I Rstio KPN:KP 
Arrangement. 
I 1. .O-.020 nitrogen.. . .  
.. ---- 2 2. .021-. 040 nitrogen.. 
.. Group 3. ,041-,060 nitrogen.. 
. .  . Group 4. .061-.080 nitrogen.. 
. .  Group 5. .081-. 100 nitrogen.. 
. "->up 6. .101-. 120 nitrogen.. 
. .  )up 7. .121-. 140 nitrogen.. 
. .  )up 8. .141-. 160 nitrogen.. 
)up 9. .161-. IS0 nitrogen.. .. 
Crop Crop Crop Crop 1l11112 
Table Y contains a comparison of the four crops and gives the weights 
of the crops without nitrogen, the nitrogen in the crops compared with 
the first crop as 100, and the ratio of the crops with the complete fer- 
tilizer to the crops. vithout nitrogen. This table brings out clearly 
the relation between the first crops and the succeeding crops. The 
weights of the second crop of Group 1 is only 13.5 per cent. of the 
first crop, and the fourth crop is 11.4 per cent. of the first crop, while 
for Group 9, the second crop is 68.7 per cent of the first crop and the 
fourth crop is 36 per cent of the first crop. The differences are not 
so great when the nitrogen in  the crops is considered. The nitrogen 
of the second crop of Group 1 is 20 per cent. of the first crop, while 
that of Group 9 is 34.4 per cent. The nitrogen remo~ed by the fourth 
crop of Group 1 is 15 per cent. of that removed by the first crop, and 
that of Group 9 is 19 per cent. 
It is evident. that different conclusions may be drayn concerning 
the deficiency of soils for nitrogen in pot experiments depending upon ' 
- whether only one crop is considered, or whether the averages of several , 
successive crops are taken. If one crop only is considered, the soil 
, 
will seem to give larger crops and yield greater quantities of nitrogen 
than if several crops are grown. 
To illustrate further: the four soils containing 0 to 0.020 per cent. 
nitrogen of Group 1 gave up  in the first crop, on an average, 24 parts ' 
nitrogen per million of soil, which is equivalent to 32 bushels of c 
to the acre of two million pounds. The average corn possibility 
four crops is 12.4 bushels, while the corn possibility of the second c 
would only be 6.7 bushels per two million pounds. The soils of Grc 
9, containing over .16 per cent. nitrogen? Fave up 88 parts per million ' 
to the first crop, equal to a corn possibility of 117 bushels; the corn 
, possibility for the average of four crops is 52 bushels and that for the I 
second crop is 40 bushels. This is for an acre of soil about 7 inches 
deep. It would be twice this for 14 inches of soil, and three ti1 
this for 21 inches of soil. 
I 
nes. 1 
yet I 
the. 
A soil may appear deficient in nitrogen in pot experiments and 
not appear deficient in the field. The requirements of the crop in _-., 
pot experiments may exceed the field possibility, limited by soil depth 
or by moisture, soil condition, insect pests, or other circumstances. 
Any conclusion as to the need of these soils for nitrogen would, 
therefore, vary to some extent with the number of crops considerJ 
I n  our opinion, the results of the first crop are better than the p 
duction of the various soils in the field would justify. The resu 
of the second crop are probably lower, on account of the high quantit 
of nitrogen withdrawn by the first crop. 
Another fact brought out in this work is the importance of esti- 
mating the amount of nitrogen in the crops in work of this kind, and 
of basing the opinion of the results of the pot experiment upon the 
amount of nitrogen taken out, and not upon the total weight of the 
dry matter. This is best illustrated by some individual tests, which 
are accordingly given in Table 8. It is seen from the examination of 
this table that crops nearly the same weight of dry matter map vary 
decidedly in content of nitrogen, and tlierefore in the amount of nitrogen 
withdrawn from the soil. 
Table 8. Variation of nitrogen in certain crops. 
I I I I I 
by the crop 
Soil 875 first crop corn.. ................. 
Soil 875: second c;op, sorghum.. . . . . . . . . . . .  
Soil 877, first crop, corn.. . . . . . . . . . . . . . . . . .  
Soil 877, third crop, corn.. . . . . . . . . . . . . . . . .  
Soil 879 first, crop, corn.. . . . . . . . . . . . . . . . . .  
Soil 879: third crop, corn.. . . . . . . . . . . . . . . . .  
Soil 897 first crop, corn.. ................. 
Soil 962 first crop, corn.. ................. 
Soil 962: third crop, corn. . . . . . . . . . . . . . . . . .  
Soil 1056, first crop, corn.. . . . . . . . . . . . . . . . . .  
Soil 3334, first crop, corn.. ................. 
Soil 7613, first crop, corn.. . . . . . . . . . . . . . . . . .  
With soil 875, the first and second crops are nearly the same in 
weight, but the nitrogen is 104.3 and 21.9 parts per million. The 
first crop of .corn on soil 877 weighs less than the third crop, but the 
first crop removed over twice as much nitrogen. The first crop on 
soil 3334 is much larger than on soil 7613, but three times as much 
nitrogen is removed by the crop from soil 7613. 
Table 9. Relation between total nitrogen in soil and that removed by four crops. 
Per cent 
nitrogen 
in soil 
1.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .015 
......................................................... urvup 2.. .033 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Group 3. .  .050 
......................................................... Group 4.. .069 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Group 5 . .  .092 
......................................................... Group 6 . .  .I11 
....................................... Group 7. .  ................ -. .I31 
......................................................... Group 8 . .  .152 
.......................................................... .I94 
able 9 shows the relation between the average percentage of nitro- 
gen in the soil, the parts per million of nitrogen removed by four 
crops, and the percentage of soil nitrogen removed by the first crop. 
The four crops removed 25 per, cent. of the total nitrogen present in  
the first group of soils and 12 per cent. of the total nitrogen present 
in the second group of soils. These quantities are evidently unusually 
high, but the nitrogen in the seed (3 to 4.5 parts per million per crop) 
could account for part of this nitrogen. With the other groups, the nitro- 
gen removed by the four crops is 6 to 9 per cent. of the total nitrogen of 
the soil. The amount of nitrogen given up to a single crop would 
thus average 15 to 2 per cent. of total nitrogen of the soil, but might 
be much larger when the soil is first placed under cultivation. 
Per million 
removed by 
four crops 
RELATION OF SURFACE SOIL TO SUBSOIL. 
Per cent 
of soil 
zutrogen 
removed 
Table 10 contains a comparison of the surface mils and the subsoils 
by groups. The weight of the first crop without nitrogen, the weight 
of the second crop without nitrogen, the average weight of all crops 
without nitrogen, and the average nitrogen removed per million by 
all crops are given. I n  almost every group the surface mils produce 
on an average better than the subsoils. In some cases the differences 
are small but in other cases the differences are quite large. Group 6 
is the only apparent exception, but only one subsoil is present in this 
group. On an average the nitrogen of surface soils is better taken u p  
by the crops than the nitrogen of subsoils. 
Table 10 . Surface soils and subsoils . 
, 1 Surfam I suboil 
soil 
Group 1 . 
Group 2 . 
Group 3 . 
Group 4 . 
Group 5 . 
Group 6 . 
Group 7 . 
Group 8 . 
Group 9 . 
0. 020 Nitrogen . 
Number of soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
.021-. 040 Nitrogen . 
.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Number of soils 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  First crop KD gm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Serond crop KD gm 
Average all crops KD gm ....................... : .. . .  5 .  ..... 
Nitrogen per million-average all mops . . . . . . . . . . . . . . . . . . . . . .  
.MI-. 060 Nitrogen . 
Number of soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  First crop KD 
.......................................... Second crop KD 
Average all crops KD ...................................... 
Nitrogen per million-average aU mops ....................... 
.061-. 080 Nitrogen . 
Number of soils ........................................... 
............................................ First crop KD 
Second crop KD .......................................... 
Average all crops KD ...................................... 
Nitrogen per million-average all crops . . . . . . . . . . . . . . . . . . . . . .  
.081- . 100 Nitrogen . 
Number of soils ........................................... 
First crop KD ............................................. 
Second crop KD .......................................... 
Average all crops KD ...................................... 
Nitrogen per million-average all mops ....................... 
.101- . 120 Nitrogen . 
Number of soils ........................................... 
............................................ First crop KD 
.......................................... Second crop KD 
Average all crops KD ...................................... 
Nitrogen per million--sv erage all cropa ...................... 
.121-. 140 Nitrogen . 
Number of soils ........................................... 
First crop KD ............................................ 
.............................................. Second crop 
Average all mops KD ...................................... 
Nitrogen per millionaverage all mops ...................... 
.141-. 160 Nitrogen . 
Number of soils ........................................... 
First crop KD ............................................ 
Second crop KD .......................................... 
Average all crops KD ...................................... 
Nitrogen per million-average all crops ...................... 
Over . 160 Nitrogen . 
Number of soils ........................................... 
First crop KD ............................................ 
Second crop KD .......................................... 
Average all crops KD ...................................... 
Nitrogen per millionaverage all crops ...................... 
Average by groups-First crop .................................................... 
.................................................. Second crop 
Average all crops ............................................. 
Nitrogen per million .......................................... 
A C I D  S O I L S  C O M P A R E D  W I T H  N O N - A C I D  S O I L S  . 
Table 11 contains a comparison of acid soils and non-acid soils . 
The acidity was determined by the Veitch method . In some groups 
the results are decidedly in favor of the non-acid soils; in other cases 
there is little difference. and in others the acid soils produce better . 
In about half the groups the non-acid soils do better. and in about the 
other half there is little or  no difference. or the acid soils do better . 
Some of the groups do not contain enough of the two kinds of the soils 
to make satisfactory averages . On an average by groups. the non- 
acid soils produce better than the acid soils . 
Table 11 . Comparison of acid and non-acid soils . 
Group 1 . 
Group 2 . 
Group 3 . 
Group 4 . 
Group 5 . 
Group 6 . 
Group 7 . 
Group 8 . 
Group 9 . 
Acid soil Non-acid 
soil 
. 
0-.020 Nitrogen . 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  Number of soils : 
..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  First crop KD gm 
....................................... Second crop KD gm 
................................... Average all crops KD gm 
.................... Nitrogen per million-average of all crops 
.............................................. Subsoils 
.021-. 040 Nitrogen . 
........................................... Number of soils 
............................................ First crop KD 
.......................................... Second crop KD 
...................................... Average all crops KD 
...................... Nitrogen per million-average all crops 
.............................................. Subsoils 
.041-. 060 Nitrogen . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Number of soils 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  First crop KD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. Second crop KD : 
. . . . . ................................. Average all crops KD 
. . . . . . . . . . . . . . . . . . . . . .  Nitrogen per million-average all crops 
.06 1.080 Nitrogen . 
... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Number of soils 
............................................ First crop KD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Second crop KD 
.......................................... Average all crops 
...................... Nitrosen per million-average aU crops 
Subsoils .............................................. 
.081.. 100 Nitrogen . 
........................................... Number of soils 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  First crop KD 
.......................................... Second crop KD 
...................................... Average all crops KD 
. . . . . . . . . . . . . . . . . . . . . .  Nitro~en per million-average all crops 
.............................................. Subsoils 
.101- . 120 Nitrogen . 
.......................................... Number of Boils. 
............................................ First rrop KD 
.......................................... Second crop KD 
...................................... Average all crops RD 
...................... Nitrogen per million.- average all crops 
.............................................. Subsoi!~ 
.121- . 140 Nitrogen . 
........................................... Number of soils 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. First crop KD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Second crop KD 
...................................... Average all crops KD 
. . . . . . . . . . . . . . . . . . . . . .  Nitrogen per million-average aU crops 
............... Subsoils .. ..... . . . . . . . . . . . . . . . . . . . . . .  
.141- . 160 Nitrogen . 
........................................... Number of soils 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  First crop KD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SecondcropKD 
................................................ Average aU crops KD 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Nitrogen per million-average all crops 
Over . 160 Nitrogen . 
....................... 
................... Number of soils : 
Average by groups . 
First crop KD gm ......................................... 19.7 22.5 
Second crop KD gm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.7 
Average all crops KD gm ................................... 1 r:: 1 10.4 
. . . . . . . . . . . . . . . . . . . . .  < Nitrogen per million-average all crops 13.97 15.29 
.- 
1 
14.5 
1 .0  
4 .9  
5.76 
1 
13 
17.8 
2 . 4  
6 .2  
7.52 
10 
9 
20.1 
4 .2  
6 . 3  
12.03 
6 '  
19.2 
4 . 3  
7 .6  
9.61 
3 
2 
16.8 
6 .8  
11.6 
26.60 
2 
2 
'21.8 
15.9 
16.7 
11.54 
0 
4 
27.8 
12.9 
13.8 
24.73 
0 
0 
0 
In considering the effect of the acidity on the crop growth it is 
dficult  to tell how niuch of this effect is due to being a subsoil and 
how much is due to  acidity . The acidity may be one of the characters 
of the subsoil which decrease the growth compared with the surface 
soil . For this reason all of the acid soils in Groups 2. 3. and 4 were 
grouped into surface soils and subsoils . The averages are given in 
Table 12 . These are all acid soils . 
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Table 12. Comparison of acid subsoils and acid surface soils. 
When the first crop is considered, the surface soil averages decidedly 
better than the subsoil with one group; a little better with another; 
and not as well with a third. 
When the second crop is considered, the surface soils average Setter 
than the subsoils in  all three groups. With the average of all crops, 
the surface soils average better than the subsoils in  all groups. When 
the nitrogen removed is considered, the surface soil is decidedly better 
than the subsoil in  one group, there is little difference in another 
group, and the subsoil is better than the surface soil in  the other group. 
These averages are not a t  all conclusive. While the surface soils 
seem to give u p  nitrogen better than the subsoils on an average, and 
non-acid soils average better than acid soils, yet subsoils are erratic, 
and some may be much better than the corresponding surface soil, 
while others may be much poorer. 
RELATION O F  COMPOSITION O F  SOILS TO NITROGEN WITHDRAWN BY THE 
CROPS. 
per million 
average 
all crops 
7.45 
7.76 
13.23 
9.17 
4.55 
14.66 
Table 13 shows the average relation of the chemical composition of 
the soils to the nitrogen withdrawn from four crops. The soils are 
arranged-in groups according to the amount of nitrogen taken up by 
the four crops grown on them. For exam*, Group 1 contains soils 
which yield less than .030 gm. nitrogen to the four crops. Group 2 
contains soils which yield .0301-.0490 gm. nitrogen to four crops. 
Average 
all crops 
grn. 
KD 
5.9 
7.0 
7.6 
8.5 
4.4 
10.7 
Group 2. Subsoil.. ...................... 
Surface soil .................... 
...................... Group 3. Subsoil.. 
Surface soil.. .................. 
...................... Group 4. Subsod.. 
Surface mil. ................... 
Table 13. Average relation of composition of soil to nitrogen withdrawn by four crop. 
Group Limits 
Number 
averaged 
10 
3 
5 
6 
3 
3 
Group 1. 
Group 2. 
Group 3. 
Group 4. 
Group 5. 
Group 6. 
Group 7. 
Group 8. 
Group 9. 
Group 10. 
Per cent 
nitrogen 
,034 
,035 
,046 
,042 
,067 
,068 
I I crop I crop I 2 I 
First 
crop gm. 
KD 
------
18.0 
17.0 
20.2 
18.8 
13.0 
25.4 
Second 
crop gm. 
KD 
2 . 0  
3 .6  
3.4 
4.8 
1.3 
7.2 
TI. 
and 
TI 
am01 
per I I ~ J  
The 
irregul 
irregul 
. . 
average percentage of nitrogen in  the soil increases with the 
~t of nitrogen taken up by the four crops, except with Groups 5, 
. 8. 
le weight of the first crop, in grams, increases up to the fifth group, 
is then irregular. 
le average weight of the four crops in grams increases with the 
_ m t  of nitrogen taken u p  by the crops except Groups 7 and 9. 
The amount of nitrogen taken up by the first crop increases with 
the average nitrogen taken up by the four crops, with the exception 
of Group 6. The increase is not in the same proportion as the aver- 
nmn nf the four crops. 
active phosphoric acid increases from 24 parts per million in  
st group to 90 parts per million in  the third group, and is then 
iar, decreasing to 36 parts per million in  Group 7 and 48 parts 
illion in  Group 8. No regular relation is to be observed. 
acid consumed is lowest with the first group, after which it is 
lar. The lime is lowest with the first group, after which i t  is 
ar. The nitrification increases with the amount of nitrogen 
taken up by the crops, with the exception of Groups 6 and 7, which 
are out of line. These nitrification data are the results published in  
the previous bulletin, No. 259, and constitute the quantity of nitric 
nitrogen produced in the soil during a period of twelve weeks, not in- 
cluding the nitric nitrogen present in the soil a t  the beginning of the 
experiment. 
CORRELATION BETWEEN THE NITROGEN CONTENT O F  THE SOIL AND THE 
NITROGEN TAKEN UP BY THE CROPS. 
hematical methods are used in  studying the correlation between 
.,--,-.; characteristics in biological work. The degree of correlation 
between two organs cannot be secured by measuring a single pair only. 
It is the correlation in the long run which must be considered, and 
the biologist must deal with masses and with averages. I n  'Bulletin 
No. 267 of this Station, the correlation factor R between total phosphoric 
acid of the soil and the average phosphoric acid taken up by four crops, 
was found by Humbert to be .4495. Between active phosphoric acid 
and the phosphoric acid taken up by four crops, the factor R was found 
t o  be 5656. 
The methods used for the study of correlation are well adapted to 
certain kinds of chemical work, for the reason that the? not only show 
the average results but also the relation between the results. 
The correlation between the total nitrogen of the soil and the nitro- 
gen taken up bp four crops (average per crop) is given in Table 14. 
.-.I 
Table 14. Correlation Table between total nitrogen in soil and average nitrogen removed by four crops. 00 
Total 
_ -  
4 
15 
37 
27 
16 
11 
12 
10 
9 
8 
7 
3 
2 
2 
2 
2 
6 
2 
1 
2 
3 
- 
181 
-- 
Nitrogen in ~oil. 
% 
+ 
.- 
Z 
. 0 2  
.03 
, 0 4 1  
.05 
.06 
.07 
.08 
2 . 0 9  
. 1 0  
.ll 
3 . 1  
.13 
g . 1 4  
8 ' . 1 5  
. 1 6  
.17 
I 1 8  
.19 
.20 
.22 
.23 
.24 
.25 
.26 
.27 
, . 2 8  
Total. 
,235 
........................ 
...... 
,245 
1 
............ 
1 
,105 
. . . . . . . . . . . . . . .  
............ 
2 
. . . . . . . . . . . . . . . . . .  
1 
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . .  
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 
,115 
_ _ - _ _ _ _ - _ _  
: 
... 
............ 
...... 
1 2  
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 
5 
.I25 
.... 
1 
.................. 
1 
...... 
1 
1 
5 
,075 
__ 
1 
2 
...... 
2 
1 
1 
. . . . . . . . . . . . . . . . . . . . . . . .  
1 
1 
__ 
10 
- 
,015 
1 
. . . . . . . . . . . .  
. . . . . . . . . . . .  
...... 
1 
. . . . . . . . . . . .  
3 
,055 
...... 
8 
6 
3 
. . . . . .  
1 
2 
2 
1 
..,... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
24 
,135 
1 
1 1  
2 
1 
...... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 
,065 
1 
. . . . . . . . . . . . . . . . . .  
5 
5 
3 
1 4  
3 
...... 
1 
. . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
22 
.085 
1 
2 
1 2  
. . . . . . . . . . . .  
. . . . . .  
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
' 7  
,165 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
...... 
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 
____--____--____------- 
3 
.I85 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 
.09B 
. . . . . . . . . . . . . . . . . . . .  
1 3  
...... 
3 
1 
. . . . . .  
. . . . . . . . . . . . . . . . . .  
1 
9 
,045 
2 
2 
9 
3 . 8  
1 
. . . . . . .  
4 
1 1  
1 2  
4 
1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- -  
34 
,025 
. . . . . . . . . . . . . . . . . .  
5 
2 
. . . . . . . . . . . . . . . .  
1 
...... 
. . . . . . . . . . . . . . . . . .  
.................. 
. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . .  
8 
,175 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 
-. 
.................. 
1 
;205 
______-________- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1
1 
,195 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 
1 
.I45 
...... 
1 
...... 
1 
1 
3 
,035 
- -  
6 
9 
3 
a 
. . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  
1 
........................ 
24 
.I55 
__ 
1 
2 
1 
1 
5 
,215 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
............ 
...... 
.225 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 
1 
The maximum group content only is given in the headings of the 
table; thus the second column includes soils wit11 .016-.025 per cent. 
nitrogen. The coefficient of correlation R as calculated by the method 
given in Davenport's Principles of Breeding, page 465, for the above 
table is .653 t . 029 .  If there is a perfect correlation, R would be 1. 
If there is a perfect negative correlation, R would be -1. If there 
is no correlation, R would be 0. The nearer R approaches +I or -1, 
the closer the correlation. 
There is a closer correlation between the total nitrogen of the soil 
and the nitrogen taken up in the four crops than the total phosphoric 
,acid of the soil and the phosplloric acid taken u p  by the four crops, 
'or the active phosphoric acid, and the phosphoric acid taken u p  by the 
four crops, since .653 represents closer correlation than .47 or 5 7 .  
The correlation between the total nitrogen of the soil and the nitro- 
taken up by the first crop is given in Table 15, and the factor R 
calculated from this table is .581t.033. Our previous discussion 
3s us to expect that there would be a closer relation between the 
11 nitrogen of the soil and the average nitrogen taken u p  by four 
crops than between the total nitrogen of tlne wiI and the nitrogen 
taken up by the first crop, and this is shown correct by the correlation 
coefficient. 
2s 
Table 15. Correlation Table Relation between tots1 nitrogen of the aoil and nitrogen removed by the 6rat crop. -0 
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CION OF PRODUCTION O F  NITRATES TO THE RESULTS O F  THE POT 
EXPERIMENTS. 
Samples of the soils used in the pot experiments were placed in per- 
colators and subjected to nitrification. To 500 gms. of the soil, 0.2 
gm. dicalcium phosphate and 0.2 gm. potassium sulphate were added, 
these additions having been made in the same proportions to the soils 
in the pot experiments. The percolation and nitrification were then 
carried out as described in  Bulletin 259, page 10. 
One series of these experiments was run exactly parallel with the 
pot experiments. The soils were weighed out, percolated on the date 
that the pots were planted, and then every four weeks thereafter. 
Other samples of the same soil were weighed out, water added in quan- 
tity equal to one-third the saturation capacity of the soil, and water 
added every other week to replace loss in weight. When the corn in  
the pots was harvested, these soils in the percolators were percolated 
and the nitrogen determined. The water conditions were, of course, 
not the same as in the pot experiments, for the reason that the plants 
were continually withdrawing the water from the pots, and more had 
to be added, while in the percolators water was lost only by evaporation, 
and there was much lees variation. 
The nitrogen present as nitrates a t  the beginning of the experiment 
was added to the quantity found during the test, and the total repre- 
sents the nitrogen as nitrates which could be placed at  the disposal of 
the plants if the process of nitrification in the pots should be exactly 
the same as the process of nitrification in the percolators. 
Table 16  shows the results of five series of these experiments. The 
soils were run in groups containing similar quantities of totaI nitrogen. 
Table 16. Relation of nitrogen removed by crops to nitric nitrogen formed in parts per million. 
1 Removed bv 1 I One 1 Found in percolation I 
Per-cmt 
nitrogen 
in soil 
No. Total 1 C o y  1 Sor,hum 1 percola- tion when Soil I 
Average.. . . .  .I- 
7340. . . . . . . . . . . . . . .  
7171.. . . . . . . . . . . . . .  
5947.. . . . . . . . . . . . .  
5647. . . . . . . . . . . . . . .  
7615.. . . . . . . . . . . . . .  
7616.. . . . . . . . . . . . . .  
7158.. . . . . . . . . . . . . .  
7632.. ............. 
- 
Average.. . . .  
When the nitric nitrogen found by one percolation a t  the end of the 
period of growth of the corn. about two months. is conlpared with the 
nitric nitrogen found by the percolation a t  the beginning of the experi- 
ment. plus that found every four weeks thereafter. for eight weeks. 
the agreement is found to be remarkably close in the first two sets. 
but as the quantity of nitrates produced becoines larger. the differences 
become wider . Larger quantities of nitrates. as a rule. are produced 
when several percolations are inade than when only one percolati011 is 
made a t  the end of the experiment . This does not occur with all ~oilq. 
for with some soils the reverse occurs. as with soil 869 . \\Tit11 other 
soils there is not a great difference . I-Toweuer. there are large differ- 
ences with some of the soils . Soil 7360 produces 51.4 parts per million 
nitrogen as nitrates when allowed to remain to the end of the experi- 
ment. and 125.4 parts per million when percolated at  the beg-inning of 
the experiment. a t  the end of four weeks. and a t  the end of eight weeks . 
This may be compared with 147.0 parts per million removed by the 
corn crop . Soil 3342 produced 18.5 parts per million in the one per- 
colation. and 55.5 when the three percolations were made . This may 
be compared with 41.1 removed by the corn crop . 
Table 16 . Relation of nitrogen removed by crops to nitric nitrogen formed in parts'per million-continued . 
Removed 
Total 
62.7 
63.0 
39.9 
167.9 
25.8 
46.3 
82.5 
71.0 
58.9 
40.4 
38.4 
37.5 
52.3 
60.3 
34.7 
73.4 
58.2 
38.8 
54.0 
51.8 
93.1 
33.8 
23.7 
27.1 
28.9 
25.2 
27.5 
44.0 
20.7 
27.0 
22.1 
23.8 
- 
28.1 
32.4 
3ij.4 
by One 
percola- 
tion when 
*ern cut 
~ ~ ~ ~ ~ ~ - -  
1.7 
6.0 
20.8 
51.4 
12.5 
45.0 
30.3 
29.2 
36.1 
25.9 
18.7 
17.8 
30.9 
-------- 
27.1 
24.5 
19.6 
37.8 
38.8 
18.5 
------ 
27.8 
33.1 
21.8 
20.5 
11.3 
12.3 
12.9 
21.6 
40.4 
4.2 
24.7 
17.3 
22.3 
-- 
20.2 
21.4 
I- Soil No . 
982 . . . . . . . . . . . . . . .  
7614 ............... 
7358 ............... 
7360 ............... 
7339 . . . . . . . . . . . . . . .  
7229 ..... . . . . . . . . . .  
869 . . . . . . . . . . . . . . .  
5960 . . . . . . . . . . . . . . .  
5959 ............... 
7116 ............... 
7352 ............... 
7127 ............... 
5939 ............... 
Average ...... 
7161 ............... 
7613 . . . . . . . . . . . . . . .  
7356 . . . . . . . . . . . . . . .  
7223 ............... 
3342 ............... 
Average . . . . . .  
7621 ............... 
7351 ............... 
7619 ............... 
7622 ............... 
7342 ............... 
7709 . . . . . . . . . . . . . . .  
7239 ............... 
7226 ..... . . . . . . . . . .  
7354 . . . . . . . . . . . . . . .  
7349 ............... 
7343 ............... 
7166 ............... 
Average ...... 
7347 ............... 
7714 ................ 
Per cent 
nitrogen 
in soil 
. 068 
. 093 
. 082 
. 095 
. 090 
. 091 
. 080 
. 099 
. 093 
. 09 
. 083 
. 082 
. 098 
.......... 
. 147 
. 140 
. 148 
. 168 
. 151 
. 151 
. 044 
. 056 
. 059 
. 052 
. 055 
. 044 
. 048 
. 057 
. 058 
. 042 
. 05.5 
. 052 
- 
. 052 
. 065 
Corn 
44.5 
36.4 
31.6 
147.0 
14.0 
33.7 
41.8 
58.1 
36.6 
29.4 
31.2 
25.5 
32.0 
43.1 
27.5 
52.4 
43.9 
27.5 
41.1 
38.5 
26.3 
27.3 
18.3 
23.5 
23.2 
17.6 
18.9 
36, 1 
17.6 
21.6 
17.4 
19.2 
- 
22.3 
20.4 
18.5 . 064 
Total 
0 to 16 
weeks 
57.5 
6.2 
25.1 
144.2 
43.6 
67.7 
22.5 
78.6 
82.2 
53.4 
50.6 
71.9 
125.9 
64.3 
55.2 
60.6 
101.1 
78.4 
92.8 
--
77.6 
42.1 
35.1 
33.8 
16.1 
37.8 
38.5 
41.1 
33.9 
0.4 
33.2 
19.5 
37.7 
- 
33.0 
46.8 
Found 
0 to 8 
weeks 
1.7 
3.1 
21.4 
125.4 
20.5 
40.6 
15.9 
50.8 
59.4 
34.7 
36.9 
40.5 
78.9 
44.0 
29.8 
22.8 
64.3 
49.6 
55.5 
44.4 
25.3 
19.9 
20.1 
16.1 
18.4 
20.0 
20.4 
20.7 
0 
21.6 
11.7 
25.6 
.- 
19.9 
25.6 
Sorghum 
18.2 
26.6 
8.3 
20.9 
11.8 
12.6 
40.7 
12.9 
22.3 
11.0 
7.2 
12.0 
22.3 
17.4 
7.2 
21.0 
14.3 
4.3 
12.9 
11.9 
6.8 
6.5 
5.4 
3.6 . 
5.7 
7.6 
8.6 
7.9 
3.1 
5.4 
4.7 
4.6 
- 
5.8 
12.0 
16.9 74.2 
in percolation 
8 to 16 
weeks 
55.8 
3.1 
3.7 
18.8 
23.1 
27.1 
. 66 
27.8 
22.8. 
18.7 
13.7 
31.4 
47.0 
20.3 
25.4 
37.8 
36.8 
28.8 
37.3 
33.2 
16.8 
15.2 
13.7 
0 
19.4 
12.5 
20.7 
13.2 
0.4 
11.6 
8.8 
12.1 
- 
13.1 
21.2 
44.9 1 45.2 29.0 
From these results the conclusion is drawn that the percolation a t  
periods of four weeks is better than a single percolation. A similar 
comparison between percolation and jars is given on page 7 of Bulletin 
259, and it is found that decidedly less nitrates were present in the 
jars. This is in accord with our general knowledge that products of 
bacterial action hinder bacterial growth, and removal of these products 
revives their action. There is also the possibility of denitrification. 
On an average, the aniount of nitrogen removed by the crop is re- 
~liarkably close to the amount of nitrates produced in eight weeks. 
This is best shown when the averages for the groups are compared. 
With the first group the corn takes up 21.0 parts per million, and 
the nitric nitrogen is 17.3 parts per niillion. I n  the second group, 
the corn takes up 26.3 and the nitric nitrogen js 19.9 parts per million. 
In the third group the corn takes up 21.4 and the nitric nitrogen is  
25.2 per million. In the fourth group the corn takes up 43.1 and the 
nitric nitrogen is 44.4. I n  the last group, the corn takes up 38.5 and 
the nitric nitrogen is 44.4 per niillion. 
JZuch larger differences are found when nre compare the nitrates 
produced in the period from eight to sixteen weeks, with the amount 
of nitrates taken up by the sorghum crop which followed the corn. 
The amount of nitric nitrogen produced is twice as much as the nitro- 
gen removed by the sorgl~um with three of the sets. With the fourth 
set, the amount of nitrogen taken up by the sorghum is nearly equal 
to the amount of nitric nitrogen formed in the percolators. I n  the fifth 
set, the amount of nitrogen taken up by the sorghum is about one- 
third the nitric nitrogen in the percolators. 
The variations between the individual tests are liluch more decided 
than between the averages discussed above. I n  a number of the ex- 
periments the. agreements between the aniount of nitrogen removed by 
the corn, and the amount of nitric nitrogen available in  eight weeks, 
is remarkably close. I n  other tests, the differences are much wider, 
and vary both ways. This may be seen by considering Table 16. 
With a number of the soils the amount of nitric nitrogen produced 
in the percolators is less than the amount taken up by the crops. This 
is the case with soils 7715, 7231, 7354, 7343, 982, 7614, and 869. Soil 
7354 did not nitrify, but the corn crop took u p  17.6 parts nitrogen 
per liiillion from the soil. Either the conditions for nitrification were 
more favorable in the pots in which the corn was growing, or the corn 
took up its nitrogen in other forms than nitrates in  these particular 
pots. The writer is inclined to believe that the difference is due to 
conditions of nitrification, and that the growing crop favorably in- 
fluenced tlie process wit11 these particular soils. Perhaps the removal 
of nitrates and ammonia by the growing crop favorably influenced the 
process of nitrification, or perhaps the moisture conditions were more 
farorable. The behavior of soil 982 is evidence that such is the case, 
for i t  produced only 1.7 parts per million of nitric nitrogen in  the first 
eight weeks, but niore favorable conditions caused it to produce 55.8 
parts per million in the second eight weeks, while the amount of nitro- 
gen taken up by the corn crop was 44.5 parts per million of soil. 
There are other soils in which the amount of nitric nitrogen pro- 
duced is decidedly in excess of the nitrogen taken up by the corn crop. 
Soil 7714 produced 4 5 3  nitrogen as nitrates, but the corn crop took 
up only 18.5. Soil 7615 produced 25.3, but the corn crop took up only 
11.4 parts per million. Soil 5959 produced 59.4 and the corn took up 
36.6. Soil 5939 produced 78.9, and the corn crop took u p  32.0. Soil 
7356 produced 64.3 and the corn took u p  43.9. Either the corn crop 
did not take u p  all the nitrates formed, or the nitrification conditions 
were more favorable in  the percolators than in  the pots in which the 
corn was growing. It could hardly be expected that the corn crop 
would completely exhaust the nitrates of the soil, for such is not usually 
the case. Wright (Soil Science, 1920, 258) found large proportions 
of nitric nitrogen left in  the soil after growing various crops. 
NITRIFICATION O F  MANY SOILS. 
After the preliminary work discussed above had been completed, a 
large number of soils on other portions of which pot experiments had 
been made, were placed in percolators, and nitrified for three periods 
of four weeks each. To the nitric nitrogen already present in the 
soil, and extracted by the first percolation, was added that formed dur- 
ing the experiment, and this total is the amount under discussion in 
this bulletin. The growing crops have a t  their disposal the amount of 
nitrogen already present in the soil as well as that formed during the 
period of the growth. Bulletin 259 was a study of the production of 
nitrates in soils, and for this reason the nitrogen present in  the soil at  the 
beginning of the nitrification was not considered. The two bulletins 
differ in  this respect. 
The soils were arranged in groups differing .02 per cent. in total 
nitrogen content. The work was carried on during the late spring 
and early summer, when the weather was warm. As shown in  Bul- 
letin 259, weather conditions no doubt influence the production of 
nitrates. 
RELATION O F  NITRIC NITROGEN TO NITROGEN REMOVED BY FIRST CROPS. 
The soils were arranged in  groups differing 8 parts per million in 
the amount of nitrogen removed by the first crop, and the averages are 
given in  Table 17. The average nitrogen taken up by the first crop 
ranges from 6.31 parts per million in  Group 1 to 94.5'4 parts per mil- 
lion in  Group 8. The available nitric nitrogen in  parts per million 
is given in the table. By available nitric nitrogen we here mean the 
Table 17. Average relation of nitrogen in first crop to nitrification and weight of crops. 
1 Nitrogen per million I Available nitric nitrogen IR'eight crops, gm. 1 I 
Group baaed on 
nitrogen removed 
by first crop 
Group 1. C-8 
Group 2. 8.1-16 
Group 3. .16.1-24 
Group4.24.1-32 
Group 5. 32.1-40 
Group 6. 40.1-48 
Group 7. 48.1-64 
Group8.Over64 
I n  
first 
crop 
6.31 
12.68 
19.35 
27.76 
35.34 
43.66 
54.94 
94.74 
I n  
second 
crop 
14.60 
5.15 
6.12 
8.01 
14.33 
11.14 
11.86 
29.13 
-- 
Total 
----- 
20.91 
17.83 
25.47 
35.47 
49.67 
54.80 
66.80 
123.87 
Per cent 
taken 
by first 
two 
crops 
- 
48.2 
76.8 
76.5 
80.2 
99.5 
78.4 
116.7 
99.5 
- 
S g n  
of soil 
43.4 
23.2 
33.3 
44.6 
49.9 
69.9 
57.2 
124.5 
Number 
aver- 
aged 
5 
50 
47 
20 
18 
10 
14 
17 
I Per cenc 
Per cent 
taken 
by first 
crop 
14.6 
54.7 
58.1 
62.3 
70.8 
62.5 
96.1 
76.1 
nitrogen 
in soil 
,058 
,044 
'.052 
,073 
,087 
,107 
,062 
.I21 
, 
F i s t  
crop 
7.6 
13.0 
17.2 
23.7 
27.4 
26.9 
29.6 
36.4 
Second 
crop 
----- 
7 .2  
2.8 
3.9 
4.8 
8.4 
7.8 
8.1 
20.7 
nitric nitrogen removed by the percolation a t  the beginning of the 
nitrification, added to that removed a t  the end of the four weeks, a t  
; the end of eight weeks, and a t  the end of twelve weeks. Kith the exception of Groups 1 and 7, the amount of available 
nitric nitrogen increases regularly with the amount of nitrogen taken 
1 up by the first crop. The available nitric nitrogen in Group 1 is much 
larger than the amount of nitrogen removed by the first crop, but this 
/ permits the second crop, shown in the second column, to remove more 
1 nitrogen than any crop up to Group 8. It would appear from these 
results that the crops grown on the soils of Group 1 were limited by 
1 some other condition than the amount of nitrates in the soil. 
1 The table shows that there is a distinct relation between the average 
I 
amount of nitrates formed in the soil and the average amount of 
amour 
I in the 1 %:; 
I The 
Avo//s&'e n i t  r / c  nrf  ro9eA 
Figure 2.-Rslation of nitrogen removed by crops to available nitric nitrogen produced by soil. 
nitrogen removed by the first crop. The first crop was used as the 
basis of comparison for the reason that i t  has a t  its disposal approxi- 
mately the same quantity of nitric nitrogen as was extracted from the 
, percolators. The period of growth of the second and subsequent crops 
~uch larger than the nitrification tests in the percolators. 
amount of nitrogen removed by the first crop, divided by the 
~t of nitric nitrogen in the soil, expressed in percentages, is given 
table. Fourteen per cent. of the nitric nitrogen was removed 
first crop in Group 1, 54.7 in  Group 2, and 96.1 in Group 7. 
ercentages removed by the other groups vary from 58.1 to 76.1. 
Ise figures also show the differences between Group 1 and the 
other groups. In  tlie first group tlie nitric nitrogen was talien up by 
the first crops to a much smaller extent than with tlie otlier groups. 
The nitrogen in parts per million taken up by the second crop is 
shown in the table. The first group is out of line with the others 
on account of the excess of nitrates left by the first crop. The amount 
of nitrogen taken up  by the second crops beginning with the second 
group increases from 5.15 to 59.13 parts per million, and the increaw 
is regular with the exception of Groups 6 and 7 .  
The total nitrogen taken up by the first and second crops conlbined 
is also shown in the table. This may also be conipared with the nitric 
nitrogen secured during the nitrification tests. It must again be re- 
called that the two crops were growing in periods of about four monthc, 
while nitrification occupied a period of about three months. The 
amount of available nitrates formed was not, therefore, the same as 
that which can be taken up by the two crops, since a longer tim 
nitrification was permitted the soil on which the crops were groi 
The percentage of the available nitrates removed by the first 
second crops combined as given in the table, varies from 48.2 to 1 
Group No. 1 is lowest. Excluding Group 1, which is not normal 
variation is from 76.5 to 116.7 per cent. 
The average weight of the crops is also'given in the table. Inese 
increase with the nitrogen removed by the crops in the first crop, 
though not in the same proportion, with the exception -of Group 6. 
The number of soils averaged is given in the last column. There are 
only five soils in  the first group. 
The soils were also arranged in groups according to the quantic-- --' 
nitric nitrogen secured during the nitrification tests of twelve w 
This is the way in which the analyses would be considered, if one 
attempting to draw conclusions from the analytical work. The 
age of the soils arranged in this way is given in Table 18. The aver- 
age nitric nitrogen produced varies from 4.6 parts per million in 
Group 1 to 178.4 parts per million in Group 12. The nitrogen re- 
moved by the first crop varies from 16.36 to 110.89 in Group 12. The 
average amount of nitrogen removed by the first crop increases with 
the average amount of available nitric nitrogen present in the soil, 
with the exception of Group 1, including 11 soils. The amount of 
nitrogen removed by the crops in Group 1 greatly exceeds the amount 
in the soil. In other words, nitrification did not occur in tlie p 
lators so as to form nitrates equal to the nitrogen removed b~ 
crops. This is true to a certain extent of Group 2, although nc 
great as Group 1. 
The average amount of nitrates removed by the first crop, d i ~  
by the nitric nitrogen formed in the soil (including that preccr 
the beginning) is also shonrn in the taklc. A corrc~pondinq f 
was given in Table 17, but {here the soil. :;re arl-augcd accaordil;, L v  
the nitrogen removed by the first crop, mllile hcre they are arrangd 
accorcling to the nitric nitrogen available i.1 file soil. The first crop 
of Group 1 took up 355 per vent. of the nitrates produceii in the soil. 
The first crop with Group 2 took up 118.5 per cent. of the nitrates pro- 
duced in the soil. With the other groups the percentage of ~ ~ j i r i c  
nitrogen removed by the first crop varies from 46.1. to 74.5. 
LJ UL 
reeks. 
were 
aver- 
erzo- 
the 
3t as 
Table 18. Relation of nitric nitrogen to nitrogen removed by crops in parts per million and 
weight of crops in grams. 
Group limits based 
on nitric nitrogen 
in soil 
Group 1. (t10 
Group 2. 10.1-20 
Group 3. 20.1-30 
Orouo 4. 30.1-40 
Group 5. 40.1-50 
Group 6. 50.1-60 
Group 7. 60.1-70 
Group 8. 70.1-80 
Group 9. 80.1-100 
Group 10.100.1-120 
Group 11. 120.1-140 
Group 12. 140 1-180 
I 
?; 
soil 
.A. 
,041 
,038 
.049 
,055 
,057 
,079 
,103 
,085 
,131 
.086 
,170 
,133 
The amounts of nitrogen taken up by the second crop, and by the 
first and second crops combined, are also given in  the table. With 
the exception of Groups 5 and 9, the nitrogen removed by the second 
op increases regularly with the nitric nitrogen available in the soil. 
regular increase of the nitrogen taken u p  by the first and second 
op combined is to be seen in the table, with the exception of Group 
1, which is a little out of line. The total nitrogen taken up by the 
ur crops likewise increases regularly with the nitric nitrogen avail- 
11e in the soil. 
The nitric nitrogen available in the soil, divided by the nitrogen 
ken u p  by the first and second crops, is likewise shown in  the table 
percentage of available nitrogen taken u p  by the first and second 
ops combined. With Group 1, this is  419.5 per cent., with Group 2, 
L9.0 per cent., and with Group 3, 100.3 per cent. With the other 
-oups it varies from 66.8 to 93.8. 
Avail- 
able n~trlc 
nitro- 
gen 
4.6 
15.2 
24.7 
34.4 
44.9 
55.4 
67.1 
73.5 
90.3 
102.2 
130.2 
178.4 
IRRELATION BETWEEN THE A3IOUNT OF NITROQEN TAKEN UP BY TIIE 
FIRST CROPS AND T H E  AMOUNT OF NITRATES AVAILABLE I N  THE SOII',. 
The correlation discussed in connection with the total nitrogen of 
e soil is probably the most satisfactory method of comparing results 
this kind. A correlation table showing the relation between the 
tric nitrogen of the soil and the nitrogen taken up by the first crop, 
given as Table 19. 
Nitrogen 
per million 
A 
First 
and 
second 
crop 
------- 
19.30 
22.65 
24.76 
29.13 
34.41 
46.01 
51.20 
68.93 
69.99 
68.23 
101.42 
161.44 
Wei~ht  of crops 
In gm. 
-- 
First 
crop 
16.36 
18.00 
18.40 
21.76 
27.60 
34.03 
36.65 
50.22 
53.47 
47.13 
65.11 
110.89 
First 
crop 
14.3 
16.9 
15.3 
19.6 
21.2 
25.9 
25.9 
24.2 
32.4 
21.8 
30.5 
35.7 
Second 
crop 
2.94 
'4 .65 
6.36 
7.37 
6.81 
11.98 
14.55 
18.71 
16.52 
21.10 
36.31 
50.55 
Num 
ber 
aver- 
aged 
11 
39 
27 
34 
27 
11 
1 0 '  
9 
7 
7 
5 
6 
Second 
crop 
1.8 
2.6 
3.5 
4.7 
4.3 
7.5 
7.7 
12.5 
12.0 
13.0 
25.1 
20.2 
Percentage 
of available 
nitric nitrogen 
removed 
By first 
crop 
355.6 
118.5 
74.5 
63.3 
61.5 
61.4 
54.6 
68.3 
59.2 
46.1 
50.0 
62.2 
By first 
and 
second 
crop 
-- 
419.5 
149.0 
100.3 
84.7 
76.6 
83.1 
76.3 
93.8 
77.5 
66.8 
77.9 
90.5 
Table 19. Correlatirm Table. AvsilaNe nitric nitrogen of milland nitrogen removed by firatbop. 
Available nitrogen in soils 
6 13 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102' 108 114' 120 126 132 138 144 150 156 162 168 174 180 186 192 198 I 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
........ . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .... 6 6 4 2 2 1  1 ........ 1 1 24 
.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 1 6 8 9 9 4 1  1 . . . . . . . . . . . .  1 44 
. . . .  .... 2 2 2 3 8 8 2 2  1 2  . . . . . . . . . . . . . . . . . . . .  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
1 ............ 1 2  2 3 2 2 3 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
.... 1 1  1 ................ 2 2 1  .... 1 2  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
.... ........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .... 1 1  .... 1 1 2  1 2 9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ................ 1 ............ 1 ........ 3 ........ 1 1  1 1  9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . .  1 1 1 1 2  1 1 8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 1  3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . - . . I  . . . .  1 1 3 
2 1 1 4  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
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The coefficient R has also been calculated from this table with the 
result that R=.708 t .025. 
Table 15 shows the correlation between the total nitrogen of the soil 
and the nitrogen removed by the first crops, and the factor R for this 
table is .581t.033. There is thus a closer correlation between the 
nitrogen taken up by tlie first crop and the nitric nitrogen produced 
in the soil under the conditions of the work here described than there , 
is between the total nitrogen of the soil and the nitrogen removed by 
the first crop. 
The correlation between the nitrogen removed by four crops and 
the total nitrogen of the soil R is 0.653. 
The determination of the amount of nitrates produced bv the soil 
presents a method of forming an opinion as to the amount d nitrogen 
in the soil available to plants. Some of the soils are out of line, and 
deviate widely from th;! average, and soils of this character require 
further study. 
CORRELATION OF SOILS GROUPED BY TOTAL NITROGEN. 
It seemed-possible that there might be a closer correlation between 
the available nitric nitrogen of the soil and the nitrogen removed by 
the first crops, if the soils were first gr0upe.d by total soil nitrogen, 
since there was also a correlation between the total nitrogen and the 
nitrogen removed by the first crops. 
Only two groups, of soils contained a sufficient number of soils to 
make a test, and even t h e e  were not large enough. 
Table 20 is a correlation table for 56 soils, showing the relation be- 
tween the available nitric nitrogen of the soil and the nitrogen re- 
moved by first crops on soils containing .041-.060 per cent. total 
nitrogen. 
Table 20. Correlation Table. Available nitric nitrogen of the soil and nitrogen removed by first crop on aoila containing .021-.04 per cent total nitrogen. 
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Table 21. Correlation Table. Available nitric nitrogen of soil and nitrogen removed by first m p  on soils containing ,041-.08 per cent total nitrogen. 
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Table 21 is a correlation table for 52 soils, containing .041-.060 
per cent. total nitrogen. 
I n  the correlation for all 180 soils (Table 19) between the available 
nitric nitrogen and the nitrogen taken u p  by first crops: 
The coefficient R is .708+.025. 
I n  the correlations for 56 soils with .02-.040 per cent. total nitrogen: 
The coefficient R is .407*.073. 
I n  the correlation of 52 soils with .041-.060 per cent. total nitrogen: 
The coefficient R is .556t.064. 
The correlation is  closer with soils containing .041-.060 per cent. 
total nitrogen than for soils with .021-.040 per cent. total nitrogen, 
but not so close for all the soils. 
The difference is probably due in  part to the number of soils taken, 
since one soil far out of line may affect the coefficient decidedly when 
only a small number are used. 
I n  the examination of Tables 15 and 16 we fouild that crops grown 
on soils in  Group 1, Table 15, did not take up the nitrates of the soil 
as well as the other crops. It is possible that some similar crops are 
scattered through the other groups. I n  Table 16 we found that a 
number of the soils, especially in  Groups 1 and 2, and probably some 
in Group 3, took up much more nitrates from the soil than were 
formed i n  the nitrification experiments. These soils were exceptional 
as compared with the others, and require further study, and are dis- 
cussed at  the end of this bulletin. 
EFFECTS O F  CROPPING UPON NITRATE PRODUCTION I N  SOILS. 
After the pot experiments had been completed, the soils u ~ e d  were 
passed through a sifter, the roots were removed, and portions of the soils 
cropped were subjected to the nitrification a t  the same time and under 
the same conditions ?s a portion of the original soil. The objection of 
this work was to ascertain what effect the cropping had upon the nitro- 
gen remaining in the soil as regards production of nitrates, and if 
nitrification tests would show the nitrogen removed by cropping. 
The averages for the groups arranged according to the availablr 
nitrates originally found in  the soil are given in Table 22. The ar- 
Number 
averaged 
Table 22. Relation of nitratee produced before and after cropping in parts per million. 
Groups limit? based 
on n~trate nitrogen 
in original soil 
Group 1. 0-10.. . . . . . . . . 1 .  
Group 2. 10.1-20.. . . . . . . . . 
Group 3. 20.1-30.. . . . . . . . . 
Group 4. 30.1-40.. . . . . . . . . 
Group 5. 40.1-50.. . . . . . . . . 
Group 6. 50.1-60.. . . . . . . . . 
Group 7. 60.1-70.. . . . . . . . . 
Group 8. 70.1-80.. . . . . . . . . 
Group 9. 80.1-100.. . . . . . . . 
Group 10. 100.1-120.. . . . . . . . 
Group 11. 120.1-140.. . . . . . . . 
Group 12. 140.1-180., . . . . . . . 
Nitrogen 
removed 
by four 
crops 
26.56 
30.21 
33.75 
43.90 
47.93 
67.61 
74.35 
88.78 
99.42 
113.49 
146.92 
177.69 
Per cent 
nitrogen 
in soil. 
-- 
,041 
,038 
,049 
,055 
,057 
,079 
,103 
,085 
,131 
,086 
,170 
,133 
"Decrease' 
divided by 
nitrogen 
by crops 
per cent 
0 
1 .7  
26.1 
26.6 
40.3 
45.5 
57.2 
50.0 
50.2 
56.9 
60.3 
71.5 
Nitrate nitrogen 
--- 
Before 
cropping 
4.6 
15.2 
24.7 
34.4 
44.9 
55.4 
67.1 
73.5 
90.3 
102.2 
130.2 
178.4 
After 
cropping / Demea8e 
10.7 
14.7 
15.9 
22.7 
25.6 
24.6 
24.6 
30.1 
40.4 
37.7 
41.6 
51.4 
-6.1 
0 . 5  
8 . 8  
11.7 
19.3 
30.8 
42.5 
43.4 
49.9 
64.5 
88.6 
127.0 
rangement of this table is the same as in Table 18, and some of the 
figures of Table 18 are repeated for the purpose of comparison. 
The nitric nitrogen produced in  the soils after the four crops have 
been grown is shown in the table. I n  Group 1, the nitric nitrogen 
produced after cropping is greater than the nitric nitrogen available 
in the original soil. This confirms our previous conclusion concern- 
ing the soils of this group, namely, that nitrification takes place better 
in these soils carrying the crops than in the soils in  the percolators. 
I n  Group 2, the nitrification produced after cropping is not much 
different from that produced before cropping. With the other groups, 
there is a decided decrease.in the nitric nitrogen produced in the soil 
which had been cropped. The amount of this decrease increases reg- 
ularly with the amount of available nitrates originally produced in  
the soil. 
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The differences between the available nitric nitrogen before cropping 
- -" the available nitric nitrogen after cropping show the effect of the 
)ping upon the soil as measured by the nitrification method. I n  
first group, conlposcd of I1 soils, 4.6 parts per million of nitric 
ogen were available in the soil before cropping. After the removal 
.56 parts per million of nitrogen by the crops, the cropped soil 
ced 10.7 parts per million of nitric nitrogen, or more than be- 
:rapping. The second group of soils also averages little or no 
Wlth the other groups there is closer relation between the de- 
crease in the amount of nitric nitrogen produced and the total nitrogen 
removed by cropping. 
The last column shows what percentage the decrease in available 
nitric nitrogen is of the nitrogen removed in cropping. I n  Group 2, 
NI froyen removed bgcrops /npurfsper f)?ifi~ff 
Figure 3.-Relation of nitrogen removed by crops to decrease in nitric nitrogen produced after mopping. 
the average decreaee is only 1.7 per cent. of the nitrogen removed. 
With Groups 3 and 4, the decrease is 26 per cent., and with the remain- 
ing groups the decrease ranges from 40.3 to 71.5 of the amounts re- 
mored by the crops. The cropping of the soil has, therefore, a decided 
effect upon the soil nitrogen as shown in the production of nitrates, 
and this effect can be followed by nitrification tests such as t h e e  de- 
scribed here. 
I n  Table 22 the soils were arranged according to the nitric nitrogen 
produced in  the soil. I n  Table 23 the soils are arranged in groups 
according to the nitrogen removed by the four crops, expressed in 
parts per million of soil. 
Table 23. Average relation of total nitrogen removed by crops to nitrogen before and after cr 
The average nitrogen removed by the four crops is given in one 
column. The nitrogen removed by the first crop is also given. The 
available nitric nitrogen is given under the head of "nitric nitrogen 
before cropping." With the exception of Group 7, these increase with 
the amount of nitrogen removed by the crops. The nitric nitrogen 
formed in  the nitrification test after the cropping, plus that present 
in the cropped soil before the test began, is given in the next column 
heading "after cropping." This increases regularly up to the sixth 
. group, after which it is irregular, but in  the irreguIar groups there are 
not enough soils to form good averages. The decrease in  the available 
nitric nitrogen in  the soil before cropping and after cropping, is shown 
in  another column, headed "decrease." This decrease becomes larger 
as the quantity of nitrogen removed by the crops gets larger. The 
relation is regular with the exception of Group 10, which contains 
only two soils. 
The decrease expressed in percentage of the nitrogen removed by 
the four crops is given in  another column. This decrease varies from 
25 to 59 per cent. of the nitrogen removed by the crop. This method 
has, therefore, permitted us to trace the effect of cropping upon the 
nitrogen of the soil. The cropping has decreased the nitrogen which 
can be converted into nitrates. With many of the soils the relation i s  
fairly constant. 
Groups based on 
nitrogen removed 
by four crops 
Group 1. 0-20.. . . . . 
Group 2. 20.1-40.. . . 
Group 3. 40.1-60.. . . 
Group 4. 60.1-80.. . . 
Group 5. 80.1-100.. . 
Group 6. 100.1-120.. . 
Group 7. 120.1-140.. . 
Group 8. 140.1-180.. . 
Group 9. 180.1-200.. . 
Group 10. 210.1-220 . . 
Nitrogen 
permillion 
removed 
by crops 
14.97 
29.82 
48.57 
69.83 
89.04 
106.07 
132.60 
181.33 
191 .97 
218.09 
"Decrease" 
divided 
by total 
nitrogen 
per cent 
25 
36 
31 
47 
43 
54 
44 
59 
50 
36 
First crop 
nitrogen 
permillion 
10.13 
15.79 
24.96 
42.94 
45.77 
58.23 
73.35 
73.23 
126.70 
104.35 
Nitro- 
gen 
in soil 
.045 
.046 
.065 
.076 
,079 
,131 
.084 
.I28 
.I57 
,185 
Num- 
ber 
of soils 
1 
73 
41 
25 
10 
7 
5 
4 
4 
2 
Nitric nitrogen 
Before 
cropping 
17.2 
28.6 
38.7 
60.2 
66.6 
102.8 
74.2 
140.6 
149.5 
138.3 
After 
cropplng 
-------- 
13.4 
17.7 
23.5' 
27.5 
28.5 
45.2 
25.5 
42.6 
51 .8  
_n 258. 
Decrease 
3 .8  
. 10.9 
15.2 
32.7 
38.1 
57.6 
58.7 
' 95.5 
0 06.7 
-& z8.01 
Table 24. Correlation Table. Decreaae in nitric nitrogen and nitrogen removed by crop in parts per million. 
CORRELATION BETWEEN THE NITROGEN REMOVED I N  CROPPING 
'CREASE I N  NITRIFICATION MADE AVAILABLE I N  THE SO1 
AND DE- 
:L. 
The correlation between the nitrogen removed by the crops ana me 
decrease in  nitrification of the soil has been worked out by the methods 
already described. The correlation table is Table 24. The correlation 
coefficient R is .680*.029. This shows a good correlation between the 
two factors. Crops which produced more nitrate nitrogen after cropping 
than they did before cropping are not included. 
The correlation between the nitric nitrogen available in the soil and 
the  nitrogen removed by the first crop R is 0.7082.25. 
RELATION OF THE NITRIC NITROGEN AVAILABLE AFTER CROPPING TO THE 
NITROGEN REMOVED BY THE THIRD AND FOURTH CROPS. 
I t  was considered that there might perhaps be a relation between 
the amount of nitrogen removed by the third and fourth crops and 
the amount of nitric nitrogen produced in  the nitrification experiment 
made after the soils had been cropped. The soils were accordingly 
arranged in groups according to the nitric nitrogen available after 
cropping, and averages taken. The results are given in Table 25. With 
the exception of Groups 1, 6, and 9, the nitrogen removed by the third 
crop is in the same order as the nitric nitrogen available after crop- 
ping. The nitrogen removed from the soils of the first group by the 
Table 25. Relation of nitrogen removed by t$rd and fourth crops to nitrate nitrogen produced 
after cropping, In parts per mlhon. 
Arrangement-nitrats after cropping nitrogen 
Group 1. (r6.. ................................... 4.7 4.9 
Group 2. 6.1-12.. .................................. 9.6 4.2 
Group 3. 12.1-18.. .................................. 15.3 6.3 
Group 4. 18.1-24.. .................................. 20.2 9.0 
Group 5. 24.1-30.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26.7 10.2 
Group 6. 30.1-36 ...................... .. .... .... . .  31.9 9.3 
Group 7. 36.1-42.. .................................. 39.1 13.4 
Group 8. 42.1-48.. .................. . . . . . . . . . . .  45.9 15.7 
Group 9. 48.1-54. ................................. 50.1 11.2 
Group 10.. 54.1-up. .................................. 65.8 24.1 
third crop is equal to the nitrogen available after cropping, but with 
the othe; groups the third crop removed about two-fifths to one-fourth 
of the nitrogen available after cropping. It is seen that the nitrogen 
taken u p  by the third crop is  not as much as the nitrification test 
would lead us to infer. The first crop exhausted the nitric nitrogen 
much more closely. The nitrogen removed by the fourth crop in- 
creases with the nitric nitrogen available, with the exception of Groups 
7 and 9. The nitrogen taken up by the crop varies from two-thirds 
to about one-seventh of the nitric nitrogen available after cropping. 
It would appear that the conditions in the pots for nitrification for 
the third and fourth crops are not as favorable as they are in the per- 
colation jars after cropping. It is possible *that breaking u p  the soil 
and preparing it for the percolators placed i t  in a more favorable con- 
dition for nitrification than i t  was in the pots. 
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CORRELATION BETWEEN THE NITROGEN T-4KEN UP BY THE THIRD CROP 
AND THE NITRIC NITROGEN AVL41LABLE AFTER CROPPING. 
Table 26 sho~vs the correlation between the nitrogen taken up  by 
the third crop and t.he nitric nitrogen found in the nitrification test 
a f k r  cropping. The coefficient of correlation calculated from this table, 
R, is .538+-.036. 
PRODUCTION O F  AMMONIA. 
Some of the soils reported in Bulletin 259 did not nitrify, and t 
question arose whether ammonia was produced in  these soils to a 
greater extent than in soils in which nitrification occurred. The ques- 
tion also arose whether the ammonia nitrogen in the soil, added to the 
nitrate nitrogen, would not be a better measure of the nitrogen avail- 
ability than the nitrate nitrogen alone. For these reasons tlie stu 
of the formation of ammonia nitrogen was taken up in connecti 
with the formation of nitric nitrogen. 
Preliminary lVor7c.-It was desired to conduct the ammonia wc 
parallel with nitrification work by making an estimation of ammo1 
in the filtrates on which the nitrates were determined. While it a 
recognized that all the ammonia mould not be removed from the s 
by the water, i t  was a t  the same time considered that the ammonia 1( 
behind would be either ren~oved at a subsequent percolation, or e 
converted into nitrates and then removed. 
I n  order to ascertain the amount of anlmonia which would be - 
tained by soils, two portions of the same soil were placed in percolate 
and one san~ple percolated with vater, the other with very dilute a: 
moniunl chloride. .The ammonia was determined by the colorimet. 
method described below. The soils were percolated with (a) distill 
water, (b) with ammonia solutions containing about 20 parts 1 
million of ammonia nitrogen in the form of ammonium chloride, a. 
(c) with solutions containing about 50 parts per million of ammor 
nitrogen. The results of this test are shown in Table 27. As w 
to be expected, the percentage of ammonia nitrogen absorbed by t 
soils was, quite high. 
It is therefore to be expected that the ammonia removed by wal 
in percolating the soils i n  these experiments may not represent all 
the ammonia nitrogen formed in the soil, but possibly only a smr 
percentage of i t ;  but any ammonia left behind should eventually 
recovered as nitrates. 
After ~a r i ous  preliminary work the following method was adopted 
for the anllllonia nitrogen in  soils. 
DETERMINATION O F  AMMONIA. 
Reagents. 
Ammonia-free Water. A.-Acidify distilled water with sulphuric 
acid and distill in a room free from ammonia, rejecting the first 100 
c..c. Preserve in glass-stoppered bottle. 
Ammonia-free Wafer. B.-Add 10 c.c. sodium carbonate solution 
(5 per cent.) to 1000 c.c. water. Evaporate about 750 c.c. and cool. 
Preserve in glass-stoppered bottle. 
Standard Ammonium Chloride.-Dissolve 1.91 gms. ammonium . 
chloride in 1 liter ammonia-free water, A. 1 c.c.=0.5 mg. N. Take 
10 c.c. and dilute to 1000 with ammonia-free water A or B. 1 c.c.=.005 
mg. N. 
Table 27. Ammonia nitrogen absorbed from solution by soils. 
I Ammonia nitrogen in solution used 
2 3 . 3  ' 1 3 . 8  
Ppnq in % ab- Ppm: in % ab- Ppm,in % ab- Ppm. in % ab- I dutlC"~:orbed 1 mlutlon m b e d  1 ~ o ~ u t ~ o n  sorbed idutlo~i,... 
- -- --- - -- - 
............... 853 F i s t  percolate.. 
853 Second percolate. . . . . . . . . . . . . . .  
855 First percolate.. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  855 Second percolate.. 
858 First percolate.. . . . . . . . . . . . . . . .  
858 Second percolate. . . . . . . . . . . . . .  
876 First percolate.. . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  876 Second percolate. 
923 First percolate.. . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  923 Second percolate.. 
. . . . . . . . . . . . . . .  924 First percolate.. 
. . . . . . . . . . . . .  924 Second percolate.. 
925 F i s t  percolate.. . . . . . . . . . . . . . . .  
925 Second percolate.. . . . . . . . . . . . . .  
933 First percolate.. . . . . . . . . . . . . . .  
933 Second percolate. . . . . . . . . . . . . . .  
936 First percolate.. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  936 Second percolate. : 
937 First percolate.. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  937 Second percolate.. 
. . . . . . . . . . . . . . .  941 First percolate.. 
941 Second percolate. . . . . . . . . . . . . . .  
942 First percolate.. . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  942 Second percolate.. 
969 First percolate.. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  969 Second percolate.. 
981 F i s t  percolate.. . . . . . . . . . . . . . . .  
981 Second percolate. . . . . . . . . . . . . . .  
1125 First percolate.. . . . . . . . . . . . . . . .  
1 '?"".--nd percolate. . . . . . . . . . . . . . .  
t percolate.. . . . . . . . . . . . . . .  
nd percolate . . . . . . . . . . . . . .  
sed . . . . . . . . . . . . . . . . . . . . . . .  
"L." 
1267 Firs1
1267 Seco 
Solution u 
81 
chlo 
tion, 
10 e 
g1 
50 ( 
mon 
stan 
!u.nda8rd Colorimeter Solution.-Use 10 c.c. weak amnlonium 
ride, about 90 of ammonia-free water B and 4 c.c. Nessler's solu- 
, diluting to 100 c.c. 100 c.c.=.05 mg. N (5 parts per million on 
1"s. soil). 
'essler's Solution.-Prepare by usual methods. 
to be 
RIal 
nesiur 
for th 
nalytical Process.-Make percolate u p  to 200 c.c., take 20 c.c., add 
ns. magnesium oxide and 80 c.c. ammonia-free water. Distill off 
:.c. Make up to 100 c.c. and take an aliquot. Dilute with am- 
ia-free water B, add 2 c.c. Nessler's solution, and compare with 
dard. Take a larger or smaller aliquot according to the ammonia 
expected. 
re a blank determination, using 80 c.c. water and 2 gms. mag- 
n oxide. Distill off 50 c.c., dilute to 100 c.c. and take 50 C.C. 
e Nessler determination. 
100 c.c. standard= 5 p. m. on 10 gms. soil (50 c.c.) 
=25 p. m. on 2 gms. soil (10 c.c.) 
40 TEXAS AGRICULTURAL EXPERIMENT STATION. 
PRODUCTION OF AMMONIA NITROGEN. 
Table 28 shows the production of nitric nitrogen, and of ammonia I 
nitrpgen, in  some soils which did not nitrify well, reported in Bul- 
letin 259. The soils were always percolated a t  the beginning of the 
nitrification work, and the amount of nitrogen recovered is shown in 
the first column headed 0 under the head of nitric nitrogen, or am- 
monia nitrogen, respectively. The nitrification was conducted on five 
periods of four weeks each, and the ammonia determined in the first 
three of these periods. With soils 1126, 4596, 4586, 7132, and 1956 
fair amounts of nitric nitrogen were formed during the last two periods. 
Table 28. Nitrate and ammonia nitrogen in soiIn in park per million in succeseive perid of weeka. , 
The ammonia nitrogen recovered varies from .05 to 6.85 parts per 
milIion i n  the first extraction before the nitrification had begun. The 
ammonia produced during the regular nitrification periods was very 
small, not much more than one part per million for even the highest. 
While there was some ammonia already present in  the soil at  the 
beginning of the test, there was little or no production of ammonia 
during the period of nitrification. The amount of ammonia present 
in most of these soils was comparatively small, and could practically 
be left out of consideration. 
The amount of nitrogen removed by the first crop is also given in 
the table for such of the soils as were cropped. This also is not large, 
but the ammonia formation does not throw any further light upon 
the matter. With soil 2351, 7.7 parts per million of nitrogen was 
removed by the first crop, the total amount of nitric nitrogen formed 
was 1.7, while the ammonia nitrogen present and formed was 0.76 
per million. The additional determination of ammonia nitrogen gave 
practically no additional information. With soil 3657, the amount 
of nitrogen removed by the first crop was 3.8 parts per million, the 
amount of nitrate nitrogen formed was 0, and the amount of ammonia 
nitrogen was .13. Here again the ammonia determination gave little 
further information. 
It might be objected to the above that the soils studied did not pro- 
duce much available nitrogen anyhow for the crops, so that the total 
amount ,of available nitrogen that could be expected in the ammoni- 
8 .  
fication would not be large, but that if soils containing larger amounts 
1126 Subsoil.. ... 
2517 Subso'd ..... 
2351 Subsoil.. ... 
3215 Subsoil.. 
3657 Subsoil. .... 
4645 Subsoil.. 
4596 Subs011 
4586 Subsoil 
7090 Subsoil.. 
7132 Subsoil. 
7354 Subsoil.. 
1956 Surface.. 
Ammonia nitrogen k 
z g  
E b 
0, 
p: 
11.0 
9 .8  
10.7 
. . . . . . . . .  
3.8 
. . . . . . . . .  
. . . . . . . . . . .  
. . . . . . . . . . .  
. . . . . . . . .  
. . . . . . . . . .  
. . . . . . . .  
. . . . . . .  
Nitrate nitrogen 
3 T o t a l  
- 
7.88 
2.8% 
.76 
1.34 
.13 
.42 
.81 
1.84 
3.58 
.34 
1.65 
1.54 
0 
- 
2.0 
4.7 
1.2 
.2 
.O 
13.9 
.2  
.O 
.2 
.O 
2.0 
1.7 
0 
- 
6.85 
2.05 
.41 
.96 
.05 
.17 
.58 
1.76 
2.58 
.20 
1.42 
1.40 
1 
- 
.O 
.3 
.O 
.O 
.O 
.O 
.O 
.O 
.O 
.O 
. 3  
8 .8  
- 
.14 
.06 
.08 
.08 
.06 
.06 
.02 
.07 
.02 
.01 
.03 
1 
- 
.66 
.36 
.24 
.15 
.08 
.13 
.12 
.05 
.70 
. I 2  
.22 
.10 
2 
-- 
.33 
.15 
.03 
.15 
. . . . . . . . . . . .  
.06 
.05 
.01 
.23 
.O 
.O 
.O1 
2 
- 
.O 
.I 
.O 
.O 
.O 
.5 
.5 
.2 
.O 
.2 
2.5 
3 
- 
1.1 
.8  
.O 
.2 
. . . . . . . . . . . . . . . . . . . . . . . .  
.3 
5 .0  
5.7 
.2 
1.3 
.7  
3.2 
5 T o t a l  
- 
11.4 
7.6 
1.7 
0.9 
0.0 
14.4 
16.3 
17.0 
0.9 
10.4 
3.7 
. 21.7 
4 
- 
...... 
. . . . . .  
.O 
...... 
.O 
5 . 0  
7.4 
. O  
5.0 
.O 
2.2 
- 
8.3 
1 .1  
.5  
.5 
.2 
5.6 
3.4 
.3  
4.1 
.5 
4.2 
of available nitrogen were studied, more significant amounts of am- 
monia would be secured. 
On account of the above consideration, the ammonia nitrogen was 
determined in connection with the nitrification on 116 soils before 
cropping and about 117 soils after they had been cropped. 
The amount of ammonia nitrogen %cured during the first period 
of nitrification was usually less than 0.1 parts per million. For this 
reason the ammonia determination was not made after the first period 
of four weeks. 
A list of these soils is given in  Table 29. Out of 233 soils there 
were 25 soils which produced more than .1 part per million of am- 
monia nitrogen during the first nitrification period of four weeks, and 
of these 25, 8 produced over 2 parts per million, and only 3 over 5 
parts per million. 
The figures in the first column of the table are for the first percola- 
tion, a t  the beginning of the experiment. Of the 116 soils before 
cropping, and 11? soils after cropping, only 20 soils before cropping 
ancl 1 after cropping contained more than 5 parts per million of the 
ammonia nitrogen. These are listed in Table 30. This includes both 
the ammonia nitrogen a t  the beginning of the experiment and that 
formed during the first percolation period. Table 30 also shows the 
nitric nitrogen produced during the nitrification of three periods of 
four weeks each added to that originally present in the soil. It also 
shows the amount of nitrogen removed by the first crop. 
Table 29. Soil8 which produced wer 0.1 parts pet million ammonia nitrogen in four weeks. 
With a few of these soils the addition of ammonia nitrogen to the 
nitric nitrogen explains why the first crop took u p  more nitrogen than 
was present in the nitrates. For example, with soil 981, the first crop 
took up 49.3 parts per million of nitrogen while the nitric nitrogen 
available was 49.9. If the nitric nitrogen alone is considered, the first 
- 
2350. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1934.. ........................................................................ 
3331.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : . 
7090.. .......................................................................... 
11028.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
334.. ............................. -. ......................................... 
6680. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7235. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7180.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3632.. . . . . . . . . . . . . . . . . . . .  .. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6268.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7004. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7113.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7173.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3415.. ......................................................................... 
7093.. ......................................................................... 
72.56.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7109. .......................................................................... 
11095.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11096.. ........................................................................ 
11097.. ........................................................................ 
11098.. ........................................................................ 
..................................................................... 
..................................................................... 
..: .................................................................. 
.............................. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
At 
beginning 
2.94 
0.11 
0.96 
1.91 
1.00 
20.78 
3.62 
6.92 
2.27 
5.58 
4.94 
0.11 
0.25 
0.13 
0.15 
0.05 
0.06 
0.03 
0.06 
0.02 
0.05 
0.02 
0.02 
0.02 
7.92 
4.77 
End of 
four weeks 
.30 
0.37 
0.11 
1 .30  
0.12 
. I 2  
4 . 8 0  
1.33 
1 .63  
0 .15  
2.32 
0.81 
7 .32  
6 . 2 2  
1.12 
. 2 .85  
' 0 . 8 8  
0 . 4 6  
0 . 8 8  
2.91 
0.52 
0.63. 
0.17 
0 .50  
3.65 
15.40 
crop apparently exhausts the available nitrogen completely, but if the 
ammonia nitrogen is  taken into consideration, there is an excess of 
about 13 parts per million of available nitrogen. I 
With soil 894, the available nitric nitrogen is 72.9 and the nitrogen 
taken u p  by the first crop 72.02. The ammonia nitrogen, however, 
i s  21.77'. 
With soil 1119, the available nitric nitrogen is 34.6, and the nitro- 
gen removed by the first crop, 40.32. The ammonia nitrogen is 13.01. 
With soil 962, the available nitric nitrogen is 46.7 and the nitrogen 
taken u p  by the first crop, 48.16. The ammonia nitrogen is 5.63. 
With these four soils, the determination of the ammonia nitrogen 
explains why the first crop should take up as much nitrogen as is i 
present as  the available nitric nitrogen, or more. I n  these soils the 1 
available nitric nitrogen does not represent all of the available nitro- 
gen that is present in  the soil. 
With the remainder of the 21 soils listed in Table 30, the determina- 
tion of the ammonia nitrogen throws no particular light on the matter. I 
Table 30. Soils which contain ammonia nitrogen in excese of 5 parts per million. I 
Only one-sixth of the 117 soils contained more than 5 parts per mil- 
lion of ammonia nitrogen a t  the beginning of the experiment, and very 
few of them produced any ammonia nitrogen, or enough to require I 
consideration. Of the 21 soils containing more than 5 parts per mil- 1 
lion of ammonia nitrogen, only four ,were of any particular significance. 
With the others, the determination only decreased the percentage of 1 
total available nitrogen that was removed by the first crop. 
From the above work we conclude that the determination of am- I 
monia during the proces of nitrification as carried out by us is I 
usually unnecessary. The determination of ammonia removed by the 
first percolation might be of significance in particular cases, but usually 
it is of little significance, and may be disregarded. 
1 C O ~ E L A T I O N  BE~wEEN A ~ ~ o N I *  A m  NITRIC NITROCEN AVAILABLE IN 
1 THE SOILS, AND THE NITROGEN REMOVED BY THE FIRST CROP. 
The object of this study was to ascertain whether the determination 
of ammonia nitrogen in  addition to the nitric nitrogen gave better tor- 
/ relation between the total available nitrogen and the nitrogen removed 
by the first crop than does the nitric nitrogen alone. For this pur- 
pose correlation Table 31 was prepared. Only 95 soils were avail- 
/ able for this work, which is half the number available for the correla- 
' tion with available nitric nitrogen. 
I Table 31. Correlation Table. Nitrogen removed by firgt crop and ammonia and nitric nitrogen 
produced by so11 
The correlation coefficient for the total available nitrogen (including 
both the ammonia nitrogen and the nitric nitrogen) and the amount 
of nitrogen removed by the first crop, R, is .698+.036. The corre- 
sponding factor for the correlation between the nitric nitrogen avail- 
able and the nitrogen removed by the first crop, R, is .708+.025. 
There is thus a slightly closer correlation between the nitric nitrogen 
a~ailable and the nitrogen removed by the first crop than between the 
total available nitrogen and the nitrogen removed by the first crop. 
This. may be. due to the fact that a greater number of soils was in- 
cluded in the correlation table for the nitric nitrogen. But since 
equally as good. correlation can be secured by considering the nitric 
nitrogen alone, and since the amount of ammonia nitrogen produced 
under the conditions of these experiments is usually small, we may 
safely conclude that the ammonia determination may be left out of 
consideration in work of this kind. Only in special cases need the 
deterniination of ammonia be made. 
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IRREGULAR SOILS. I 
There are two classes of soils with which the relation between the 
nitrate production and the amount of nitrogen taken up by the crops 
is not sufficiently close. I n  one class, the amount of nitrogen taken up 
by the crop is much less than the amount produced in the nitrification 
test. I n  the other class, the nitrogen taken u p  by the crops consider- 
I 
ably exceeds the amount produced by the nitrification test. If the 
causes of these differences could be ascertained, and corrected, the cnr- 
relation between the nitric nitrogen produced in the nitrification tectu 
and the amount of nitrogen taken up by the crops would be much 
closer. The discussion of these soils has been delayed to the end of 
the bulletin for the reason that preceding work might throw some light 
upon the matter. 
Soils of the first group, which took up much less nitrogen in the 
first crop than the amount of available nitrogen produced in  the nitri- 
fication test, are shown in Group 1 in Table 17. The five soils of this 
group produced on an average 43.4 parts per million available nitric 
nitrogen in  the nitrification test, while the first crops took up only 
6.31 parts per million. A similar relation is observed with Group 1 
i n  Table 22. I 
Table 32 contains the five soils of Group 1, referred to above. An 
examination of this table shows that only two of these five soils, 3620 
and 992, are decidedly out of line, and these are chiefly responsible 
for the irregular appearance of the group. 
Table 32. Soils of Group 1, Table 17, where first,crops take up less nitrogen than the soil contains 
mtrlc n~trogen. 
I Nitrogen per million 
First Second Total / crop 1 mop I 1 and 2 
---
--- 
Average.. . . . . / 6.31 1 14.60 I . .  . . . . . . . 
9184 Subsoil.. . . . . . 
7164 Subsoil . . , 
7132 Subsoil.. . . . . . 
3620 Subsoil.. . . . . . 
992 Subsoil.. . . . . . 
Available 
nitric 
nitrogen 
permillion 
23.1 
14.5 
4 .4  
56.6 
118.7 
KD crop gm. KDN 
fist 
First Second crop 
crop , era( 1 gm. 
--- 
1.62 !:$ 1 6 
4.36 2.64 
6.64 10.60 
6.50 1 56.54 
% 
nitrogen 
in soil 
- 
,046 
,038 . 
.015 
. I22 
,040 
.058 
7.92 
"40 
7.00 
16.24 
62.04 
Sample 3620 produced 56.6 parts per million of nitric nitrogen, but 
the first crop took u p  only 6.64 parts per million, but in another pot 
experiment on the same soil the first crop withdrew 34.4 parts per 
million of nitrogen. The difference, then, is due rather t,o the error 
in the pot experiment. 
Soil 992 produced 118.7 parts per million nitric nitrogen and the 
first crop took up 6.5 parts per million, while the second crop tool< 
up 56.5 parts per million. Unfavorable conditions in  some way pre- 
vented the first crop from utilizing the nitrogen, as shown by the sec- 
ond crop. 
The wecond class of soils is those from which the first crop removed 
much more nitrogen than was formed in  the nitrification test. This 
class is shown in the average of Group 1 of Table 18, and to a less 
extent in Group 2. I n  Group 1 the average available nitric nitrogen 
availa 
parts 
movec 
2 con 
shown 
arnou~ 
paren 
trit te 
, while the crop removes 16.36 parts per million, or 355.6 per cent. 
3 available nitrogen is removed by the crops. I n  Group 2 the 
ble nitric nitrogen is 15.2, while the first crop removed 18.00 
per million, and the percentage of available nitric nitrogen re- 
1 by the first crop is 118.5. Group 1 contains 11 soils, and Group 
tains 29. _Another effect of these unusual features of the soils is 
L in Group 1 and Group 2 of Table 22. After cropping, the 
it of nitrification is larger than in the original soil. Ap- 
tly the cropping favorably affects the nitrification test. The ni- 
__. .-nitrogen before cropping in  Group l, Table 22, is 4.6.parts per 
million, while after cropping i t  is 10.7. With Grbup 2 the nitrate 
nitrogen produced before cropping is 15.2, and after cropping 14.7. 
The crops removed 26 to 30 parts per million of nitrogen from the soil 
l\n+~-en these two tests. 
Table 33, %is of groups which yield more nitrogen to  the crops than to  the nitrification test. 
Group 1 
3657 Unusual.. ........... 
7090 Unusual.. ........... 
6011 Unusual.. ........... 
8818 Unusual.. ........... 
7094 Unusual.. ........... 
7354 Unusual.. ........... 
7132 Usual. . . . . . . . . . . . . . .  
7253 Usual. .............. 
2347 Unusual.. ........... 
3338 Unusual.. ........... 
7174 Usual.. ............. 
Average.. ......... 
Group 2. 
7172 Unusua!. ............ 
........... 914 Unusual.. 
7093 Unusual.. ........... 
7231 Unusual.. ........... 
7342. Unusual.. . . . . . . . . . . .  
7622 Unusual.. . . . . . . . . . . .  
............. 7619 Unusual 
3656 Unusual. ............ 
7349 Unusual.. . . . . . . . . . . .  
Average.. ......... 
Per cent 
nitrogen 
in soil 
,028 
,039 
,037 
,052 
,036 
,058 
.045 
,026 
,028 
,035 
,062 
.040 
.O99 
.045 
.036 
.028 
,055 
.052 
,059 
.021 
,042 
- 
,049 
Nitric nitrogen 
produced 
Before 
cropping 
--- 
0.8 
0.9 
1.4 
1.7 
3.0 
3.1 
4.4 
8.1 
8.5 
9.2 
10.0 
4.6 
12.2 
11.5 
11.4 
12.6 
11.5 
14.7 
15.3 
17.7 
18.1 
- 
13.9 
After 
cropping 
15.1 
8.9 
5.3 
8.9 
14.6 
4.4 
18.7 
11.8 
17.5 
8.0 
4.3 
-.-- 
10.7 
5.3 
28.1 
12.9 
12.9 
7.7 
6.3 
15.0 
21.7 
12.8 
- 
13.6 
Nitrogen 
per million 
First 
crop 
14.08 
18.14 
27.16 
17.50 
12.76 
17.60 
4.36 
9.36 
36.18 
1 3 ~ 6 0  
9.20 
16.36 
25.60 
63.76 
16.02 
30.96 
23.18 
23.52 
18.30 
36.56 
-21.58 
 
29.94 
KF' crops, gm. 
Second 
crop 
2.10 
2.56 
2.50 
2.84 
4.06 
3.12 
2.64 
4.60 
3.70 
3.12 
1.12 
2.94 
10.26 
7.16 
7.28 
4.54 
5.88 
3 . 6 0  
5.36 
8.70 
5.44 
- 
6.47 
-- 
Fit 
crop 
10.2 
18.5 
28.3 
17.5 
14.5 
9 . 6  
4.7 
9.0 
15.2 
17.9 
11.5 
14.2 
17.8 
46.2 
17.8 
29.2 
13.8 
21.0 
17.6 
35.7 
18.6 
- 
24.2 
Number 
of crops 
--------- 
6 
4 
6 
2 
4 
4 
4 
4 
6 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
-- 
Total 
all crops 
30.48 
25.74 
45.34 
20.34 
22.50 
26.08 
11.04 
20.76 
52.66 
24.22 
12.94 
26.56 
57.62 
82.96 
28.80 
42.88 
37.82 
33.48 
35.80 
62.46 
39.46 
-- 
46.81 
Second 
crop 
1 . 5  
1.2 
1.2 
2.0 
2.5 
1.9 
1.5 
2.5 
2.6 
2.0 
0.5 
1.8 
5.9 
5.7 . 
3.5 
2.7 
3.5 
2.0 
2.8 
6.9 
3.2 
4.0 
Depth 
12-24 
9-21 
12-24 
12-24 
12-24 
11-21 
6-18 
5-17 
11-22 
12-24 
12-24 
.................................................. 
6-16 
0-10 
0-12 
0-12 
7-14 
8-12 
0-6 . 
0-12 
0-8-10 
.......... 
Active 
P205 p e r d ~ o n  
7.5 
6.9 
40.6 
56.2 
26.8 
7.2 
12.5 
21.8 
5.9 
90.0 
7.5 
- - - - -  
8.7 
40.0 
25.0 
27.5 
20.6 
17.5 
20.3 
13.81 
36.3 
24.4 
Acid 
consumed 
per cent 
5.0 
0 
4.0 
8 .5  
1.0 
5.3 
6.0 
0.0 
0.0 
.......... 
2.0 
10.4 
2.55 
1.5 
2.0 
59.3 
1.5 
2.5 
3.5 
.25 
---- - 
13.3 
Per cent 
lime 
.23 
.ll 
.08 
.42 
.12 
.25 
.23 
.26 
. lo 
.15 
.13 
.27 
.18 
.17 
.54 
3.14 
.18 
.71 
.07 
.28' 
.62 
Acidity 
0 
600 
400 
0 
200 
0 
464 
200 
200 
0 
690 
0 
0 
215 
0 
0 
0 
0 
0 
230 
. . . . . . . . . .  
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The details of these groups are given in  Table 33. I n  only one soil 
of Group I, No. 7174, is the nitric nitrogen produced after cropping 
decidedly less than that produced -before cropping. The amount of 
nitrogen taken u p  by the crop is slightly less than the amount of nitric 
nitrogen produced in  the soil, so that this soil need not be considered 
as  an unusual soil. Soil 7132 gave u p  about the same amount of nitro- 
gen to the crop as was produced in  the nitrification test, and the same 
is true with soil 7253, although both of these soils produced more 
nitrates after cropping than they did before cropping. If the soils 
of Group 1, producing less than 10 parts per million of nitric nitrogen, 
are considered, we find that of the 11 soils, 8 gave up more nitrogen 
to the first crop than is produced in the nitrification test, and 9 pro- 
duced decidedly more nitrates after cropping than they did before 
cropping. For some reason or another, these soils did not produce as 
much nitric nitrogen in the nitrification test as they should hare 
produced. 
If  we consider the soils of Group 2, producing 10 to 20 parts per 
million of nitric nitrogen in the nitrification test, we find that 9 gire 
up more nitrogen to the first crop than found i n t h e  test, and 14 pro- 
duced more nitric nitrogen after cropping than they did before cropping. 
The correlation between the nitric nitrogen produced in the nitrifi- 
cation test, and the nitrogen taken u p  by the first crop, is more im- 
portant than the decrease or increase in nitrate production caused by 
the cropping. 
The soils of Group 2 are divided into two classes and each class is 
averaged separately. Class 1, unusual soils, includes those soils from 
which the crops take more nitrogen than was produced in  the nitrifi- 
cation test, and Class 2, usual soils, includes those from which the 
crops took less than produced i n  the niti-ification test. 
No particular feature of the analysis could be taken to distinguish 
between the soils here called unusual and those called usual. Some 
are acid and some are not acid. Many in both groups are low in lime, 
while two unusual soils contain 3.14 and 0.71 per cent. lime, respec- 
tively. 
Sometimes, in the nitrification work, the soils did not percolate well. 
Sometimes less percolate was secured than the 200 c.c. desired. I n  a 
few cases only 25 or 50 c.c. were secured; with still fewer, there were 
only a few drops. This matter was traced back to see if it would 
account for the soils termed "unusual." It did account for three soils 
of Group I and one of Group 2, but soil 7253 of Group 2, classed as 
"usual," also did not percolate well. However, these four soils (365'1, 
8818, 3338, and 7172) may be excluded on account of poor percolation. 
. This reason could not apply to any of the others. 
It was pointed out in Bulletin 259 that carbonate of lime (1 per 
cent.) eliminated conditions unfavorable to nitrification, and increased 
nitrification, but that it might also eliminate natural differences be- 
tween soils. 
Table 34 shows the effect of carbonate of lime upon soils which did 
not nitrify well, which were listed in Table 14 of Bulletin 259, but the 
amount of nitric nitrogen is not stated in  the same way. The nitric 
nitrogen present in the first percolation is atldecl in the results given 
in Table 34, as with all cases reported in this bulletin. But this was 
Table 34. Nitric nitrogen produced with and without calcium carbonate on   oils which did not nitrify well. 
Total Total Nitrogen 
4 weeks 28 weeks Available per. m~lhon 1 no 1 carbonate 1 nitric taken by 
carbonate added nitro~en first crop 
not the case with Bulletin 259, as it dealt with the production of 
nitrates. 
With soils 2347 and 7090 there is a closer relation between the nitro- 
gen removed from the soil by crops and the nitric nitrogen produced 
after the carbonate of lime was added than that produced before it was 
added. With soils 1126, 2351, 3976, and 1138 the reverse is the case. 
The matter requires further study, but from the results here reported 
it would appear possible that the addition of carbonate of lime in the 
nitrification tests might push the production of nitric nitrogen far  
beyond the amounts that the first crops would take up in  the pot 
experiments, and thus the correlation would be poorer than without the 
carbonate of lime. 
I SUMMARY AND CONCLUSIONS. 
I 
1 1. This bulletin is the study of the relation of the total nitrogen 
the soil, the nitrogen available in the form of nitrates, and the 
available in the form of ammonia, to the nitrogen removed 
by crops in pot expenments. 
2. The average weight of nitrogen removed by the four crops in- 
creases with the percentage of total nitrogen in the soil. 
3. The first crop is much larger than the succeeding crops. 
4. The average weight of the second crop on the soil containing 
the smallest amounts of total nitrogen is only 13.5 per cent. of the 
first crrop, and the fourth crop is 11.4 per cent., while for the soils 
highest in nitrogen, the seconcl crop is 68.7' per cent., and the fourth 
crop is 36.0 per cent. of the first crop. The differences are not so 
large when the nitrogen removed is considered. 
5 .  Conclusions as to the needs of the soils for nitrogen as deter- 
mined by pot experiments would depend upon the number of successive 
crops grown without nitrogenous fertilizer. 
6. Crops of nearly the same weight of dry matter may vary con- 
siderably in nitrogen content, and the nitrogen of the crops should 
alrays be determined in pot experiments of this kind. 
7 .  The four crops usually remore 6 to 9 per cent. of the total nitro- 
gen of the soil or 13 to 2 per cent. per crop. 
8. On an average, the nitrogen of surface soils is better taken u p  
than the nitrogen of subsoils. Subpoils are erratic, and may be much 
better or much poorer than the surface soils. 
9. On an average, non-acid soils give up more nitrogen to crops 
than acid soils, but many of the individual acid soils give up  morc 
nitrogen than the corresponding non-acid soils. 
10. Little relation could be found between the nitrogen taken up 
by the soil and the active phosphoric acid of the soil, or the acid 
consumed, or the lime. 
11. The amount of nitric nitrogen. present in the soil a t  the be- 
ginning of the experiment, added to that produced in  the percolators 
during three periods of four weeks each, was compared with the nitro- 
gen taken up by the first crops. 
12. There is a close relation between the amount of nitrogen re- 
moved by the first crop, and the amount of available nitric nitrogen. 
The nitrogen removed by the crops varies from 58.1 to 76.1 per cent 
of the nitric nitrogen with the exception of some groups out of rela- 
tion with the others. 
13. The soils used in the pot experiments were subjected to similar 
nitrification tests after the crops had been grown on them, and the 
results compared with the uncropped soils. 
14. The effect of cropping is clearly shown by the differences be- 
tween the nitrification before and after cropping. There is a relation 
between the aecrease in the nitric nitrogen formed and the amount of 
nitrogen withdrawn from the soil by the crops* grown upon it. 
15. The nitrification test enables one to trace the effect of crop pin,^ 
upon the nitrogen of the soil. 
16. The relation between the nitrates produced after cropping alld 
the nitrogen removed by the third and fourth crop, is no t  as close a; 
the relation between the nitrates available before cropping and the  
nitrogen removed by the first crop. 
17. Ammonia was determined by colorimetric methods in a number 
of soils used in the.pot experiments. 
18. Considerable percentages of ammonia may be absorbed and re- 
tained from the percolation, but these would later undergo nitrification. 
19. The amount of ammonia nitrogen secur.ed during the first 
period of nitrification mas usually less than .I part per million, so 
that the anlmonia determination was not made after the first period 
of four weeks. 
20. I n  233 soils, half of which had been cropped, 25 soils produced 
more than .1 part per million of ammonia nitrogen during the first 
nitrification period of four weeks; 8 of these produced over 2 parts per 
million, and only 3 over 5 parts per million. 
21. Only 20 of the 233 soils had available more than 5 parts per 
million of ammonia nitrogen, including that originally present in the 
soil. 
22. With a few of the soils, the determination of amponia nitrogen 
offers some information, but with the majority of the soils the deter- 
mination gives. no particular aid. The determination appears to hi 
unnecessary as a rule. 
23. With some soils the amount of nitrogen taken up by the crop: 
is much less than the amount produced in the nitrification test. Thii 
may be partly due to the unfavorable conditions during the pot ex. 
periments. 
24. The amount of nitrogen taken up by the crops from some soil: 
considerably exceeds the amount produced by the nitrification test 
These soils also produce more nitric nitrogen after cropping than they 
did before cropping. 
25. Addition of carbonate of lime may increase the nitrification of 
some soils which produce less nitric nitrogen than the amount of nitro- 
gen taken up by the crops, but the amount of nitrates produced may 
also greatly exceed the amount of nitrogen taken up by the crops, so 
that there is no better correlation than before. This matter requires 
further study. 
26. I n  the correlation between the nitrogen content of the soil and 
the nitrogen taken up  by the four crops as estimated by statistical 
methods, R is .653 t .029.  
27. I n  the correlation between the total nitrogen of the soil and 
the nitrogen taken u p  by the first crop, R is .581t.033. 
28. I n  the correlation between the amount of nitrogen taken up 
by the first crop and the amount of nitrates available in  the soil, R is 
.708t.O25. There is thus a closer relation between the nitrogen taken 
up by the first crop and the nitric nitrogen used than between the 
total nitrogen of the soil and the nitrogen removed by the first crop. 
29. I n  the correlation for 56 soils with .021-0.040 per cent. total 
nitrogen between the available nitrogen of the soil and the nitrogen 
removed by the first crop, R is .407t.O74. 
30. In the correlation for 52 soils with .041-.060 per cent. total 
nitrogen, between the nitric nitrogen and the nitrogen removed by 
the first crop, R is .556+.064. 
31. I n  the correlation between the nitrogen taken u p  by the third 
crop and the nitric nitrogen found in  the nitrification test after the 
cropping, R is .538+.036. 
32. I n  the correlation between the nitrogen removed by the crops 
and the decrease in nitrification of the soil, R is .680+.029. 
33. I n  the correlation between the total available nitrogen, that is, 
the ammodia nitrogen plus the nitric nitrogen, and the amount of nitro- 
gen removed by the first crop, R is .698+..036 on 95 soils. The de- 
termination of ammonia gives no increased correlation over the de- 
termination of nitric nitrogen alone. 
